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Congress of the Anited States
MWashington, A 20515

May 28, 2021

The Honorable Michael S. Regan
Administrator

U.S. Environmental Protection Agency
1200 Pennsylvania Avenue, N.W.
Washington, DC 20460

Dear Administrator Regan,

We are writing to urge your full and fair consideration for the request for loan assistance under
the Water Infrastructure Finance and Innovation Act (WIFIA) program for the Utah Lake
Restoration Project (ULRP).

Utah Lake is one of the largest freshwater bodies of water in the Western United States. Itis a
focal point of natural resource systems that contribute to the environmental health, economic
prosperity, and quality of life of area residents and visitors. Utah Lake and its tributaries provide
fresh water not only for Utah County but also for much of Salt Lake County, the two populations
centers of the Wasatch Front where most of the state’s residents live. This makes Utah Lake one
of the state’s most important water resources. As the second most arid state in America, and a
state prone to drought, restoring and protecting this vital water resource and providing the
significant water conservation and improved water supply is vital priority for the state and its
citizens.

When pioneers arrived in the area, Utah Lake was a clear-state water body with a vibrant
ecosystem of freshwater vegetation, aquatic and terrestrial species, shorebirds and waterfowl. In
a desire to increase the production of fish from Utah Lake, pioneers introduced a non-native
species of fish which destroyed the lake’s natural ecosystem. Coupled with seepage of
agricultural waste, including fertilizers and stockyard waste, and decades of high nutrient
discharge changed the chemistry of the Lake and has created a very impaired body of water.

The proposed ULRP would be a significant clean water project, water infrastructure project, and
water conservation project. The project could provide more than 34 billion gallons a year in
additional water through evaporation savings, restores the lake water quality, and upgrades 6
waste-water treatment facilities that issue effluent into Utah Lake.

The ULRP could contribute billions of dollars in private funding to accomplish these restoration
goals. The project will result in a deeper, clearer lake, dotted with Islands for recreation,
conservation, and world class water-front living which will sequester the nutrient loaded
sediments and allow for restoration of the lake’s natural ecosystem and health of its waters.
Over 30 billion gallons of water conservation savings could be produced through reduced



evaporation and removal of miles of invasive plant species. The ULRP proposes to implement a
comprehensive plan to restore Utah Lake and provide economically and environmentally
responsible development to fund the extensive restoration investment on Utah Lake.

We urge your full consideration to the letter of intent submitted for seeking loan funds under the
WIFIA program ULRP. Thank you very much for your consideration.

Sincerely,

D/ —— e L

John Curtis Mike Lee
Member of Congress US Senator

oa—3 S /97}2,“7

Chris Stewart Mitt Romney

Member of Congress US Senator
TSz D. (oore

Blake Moore

Member of Congress

Burgess Owens
Member of Congress



Confidential Business Information (CBI)
Document Name: 11UL_Utah_Lake_Restoration_Act

WIFIA ID: 21108UT
Prospective Borrower: Lake Restoration Solutions Project Name: Utah

Lake Restoration Project Information disclosed as CBI: All documents

Protect this document from unauthorized disclosure.

This document contains Confidential Business Information (CBI) obtained by the WIFIA program.
Before handling this document, you must sign the WIFIA CBI Confidentiality Agreement.
When handling this document, you must follow the practices outlined in Protecting Confidential

Business Information (CBI) in the WIFIA Program Procedures and Rules.

Your prime responsibilities for protecting CBI are:

e Use CBI only for the purpose of conducting WIFIA program work.

e Do not allow unauthorized disclosure or unauthorized modification of CBI.

e Protect CBI from loss when in your custody.

e Destroy all working versions of CBI, including copies, after it is no longer needed.
o Keep track of all CBI that is assigned to you.

Willful unauthorized disclosure of CBI can lead to a fine up to $1,000 and/or imprisonment for up to one
year (40 CFR 2.211). In addition, disclosure of CBI information or violation of the procedures cited above
may subject you to disciplinary action with penalties ranging up to and including dismissal.
This document is view only is SharePoint.
Do not make unauthorized copies or printouts of this document

Do not give CBI to unauthorized individuals.

Do not give CBI records to those outside the WIFIA program, designated OW staff, or OGC's Water Law
Office who have signed confidentiality agreements.

Protect CBI from unauthorized disclosure or unauthorized modification. See the SOPs (add link) for
detailed procedures for safeguarding CBI.

Do not detach this coversheet


https://usepa.sharepoint.com/sites/OW_Work/WIFIA/_layouts/15/WopiFrame.aspx?sourcedoc=%7BA7E7DA85-9E1E-46E9-A380-1E27E7FA9FA1%7D&file=WIFIA%20CBI%20CONFIDENTIALITY%20AGREEMENT.docx&action=default
https://usepa.sharepoint.com/sites/OW_Work/WIFIA/_layouts/15/WopiFrame.aspx?sourcedoc=%7BDB0C29C4-E90F-4D23-8E11-37BBDB8F664A%7D&file=WIFIA%20CBI%20Best%20Practices%204-11-17.docx&action=default
https://usepa.sharepoint.com/sites/OW_Work/WIFIA/_layouts/15/WopiFrame.aspx?sourcedoc=%7BDB0C29C4-E90F-4D23-8E11-37BBDB8F664A%7D&file=WIFIA%20CBI%20Best%20Practices%204-11-17.docx&action=default

Utah Code

Effective 5/8/2018
Chapter 15
Utah Lake Restoration Act

Part 1
General Provisions

65A-15-101 Title.
This chapter is known as the "Utah Lake Restoration Act."

Enacted by Chapter 381, 2018 General Session

65A-15-102 Definitions.
As used in this chapter:

(1) "Restoration project” means a project for the comprehensive restoration of Utah Lake, as
provided in this chapter.

(2) "Restoration proposal" means a proposal submitted to the division for a restoration project.

Enacted by Chapter 381, 2018 General Session

65A-15-103 Legislative findings.
The Legislature finds that:
(1) Utah Lake currently faces serious challenges, including:
(a) fluctuating lake levels;
(b) uncontrolled, toxic algal blooms;
(c) loss of native vegetation;
(d) invasive fish and plant species;
(e) loss of littoral zone plants;
(f) suspended silt on the lake bottom;
(g) poor water clarity;
(h) heavy nutrient loading of lake sediments and within the water column; and
(i) high wind and wave action;
(2) initial conservation efforts are producing measurable results and demonstrate that conservation
solutions can produce restoration objective on Utah Lake;
(3) additional and significant conservation investments are needed to implement the
comprehensive solutions needed to fully restore Utah Lake and its water quality;
(4) there is not a reasonable public funding source to undertake the comprehensive solutions
needed to restore Utah Lake; and
(5) itis in the interest of the state to undertake a comprehensive restoration of Utah Lake for the
benefit of public trust uses on the lake.

Enacted by Chapter 381, 2018 General Session

Part 2
Utah Lake Restoration Project

Page 1



Utah Code

65A-15-201 Division authority to dispose of sovereign land in exchange for Utah Lake

restoration project -- Criteria.

(1) Subject to the approval of the Legislative Management Committee, the division may dispose
of appropriately available state land in and around Utah Lake as compensation for the
comprehensive restoration of Utah Lake under a restoration proposal if the division finds that
the restoration project will:

(a) restore the clarity and quality of the water in Utah Lake;

(b) conserve water resources in and around Utah Lake;

(c) preserve the water storage and water supply functions of Utah Lake;

(d) remove invasive plant and animal species, including phragmites and carp, from Utah Lake;

(e) restore littoral zone and other plant communities in and around Utah Lake;

(f) restore and conserve native fish and other aquatic species in Utah Lake, including Bonneville
cutthroat trout and June Sucker;

(g) increase the suitability of Utah Lake and its surrounding areas for shore birds, waterfowl, and
other avian species;

(h) improve navigability of Utah Lake;

(i) maximize, enhance, and ensure recreational access and opportunities on Utah Lake;

(j) preserve current water rights related to water associated with Utah Lake; and

(k) otherwise improve the use of Utah Lake for residents and visitors.

(2) In determining whether to dispose of state land in exchange for the execution of a restoration
project, as provided in Subsection (1) and pursuant to a restoration proposal, the division shall
consider:

(a) the potential that the restoration project presents for additional revenue to state and local
government entities;

(b) the ability of the proposed use of the state land given in exchange for the restoration project
to enhance state property adjacent to Utah Lake;

(c) the proposed timetable for completion of the restoration project;

(d) the ability of the person who submits a restoration project to execute and complete the
restoration project satisfactorily; and

(e) the desirability of the proposed use of Utah Lake and the surrounding areas as a result of the
restoration project.

Enacted by Chapter 381, 2018 General Session
65A-15-202 Status of state lands after a change in ownership.
Once the division transfers ownership of state land to a private party in exchange for and in
furtherance of a restoration project, the land becomes subject to, as applicable:
(1)Title 10, Chapter 9a, Municipal Land Use, Development, and Management Act; or
(2)Title 17, Chapter 27a, County Land Use, Development, and Management Act.

Enacted by Chapter 381, 2018 General Session
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BACKGROUND

The Utah Lake Restoration Project is a comprehensive plan to turn the clock back 150 years on the
ecosystem degradation of Utah Lake, the largest freshwater lake in Utah. The goal of the project is

to transform Utah Lake from a turbid, hypereutrophic lake dominated by invasive species and algal
blooms to its natural safe, clean, and clear-water state. The issues Utah Lake face are interconnected
and share complex relationships. Dredging is a key component of the Utah Lake Restoration Project
that helps address each of the following issues the lake faces today.

Nearly half of Utah Lake’s water evaporates annually.

Dredging the lake will help conserve 32 billion gallons annually by deepening the lake, improving
circulation and water clarity, reducing surface area, and removing invasive species. The deeper lake
will increase water storage capacity by about 40%.

Invasive plants outcompete native plants, displace native animals, and increase evaporation.

Dredging will create an improved environment to restore native plants and animals. Removing 8,000
acres of phragmities and other invasive species and replacing them with native species accounts for
seven billion gallons of the total annual water savings.

Increasing levels of phosphorus and nitrogen harm native vegetation and wildlife. High nutrient
levels, warm temperature, and increased photoperiods result in toxic algal blooms.

Dredging will allow nutrient-loaded sediment to be sequestered through beneficial use. The lake will
be deepened to reduce turbidity, restore water clarity and quality, and improve circulation.

Wind and wave action disrupt and re-suspend the lake bottom sediment. Current wave conditions
can be dangerous during wind events.

Dredging provides the material to create strategically located islands that help reduce wave height
and prevent resuspension of sediment. During a 26-mile-per-hour wind event, strategic island place-
ment reduces wave height from one- to three-foot waves to 12 inches or less on 92% of the lake. In a
67-mile-per-hour (mph) wind event, the islands reduce wave height from three to six feet across 74%
of the lake to one- to two-foot waves or less across 62% and six inches or less across 32%.

Other water quality challenges include poor water flow and oxygenation, salinity, increased tem-
perature, e-coli, ice flows, and shoreline erosion.

Dredging will create deep water channels to help cool the water and provide better circulation.
Surface area reduction due to island creation will also help lower the water temperature and reduce
evaporation, effectively addressing key impacts to water quality and supply.

Invasive fish species destroy native fish and vegetation.

Dredging will create an improved environment for native fish and vegetation to thrive once all inva-
sive and predatory species have been removed from the lake.

Lake Restoration Solutions
UTAH LAKE RESTORATION PROJECT
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INTRODUCTION

Lake Restoration Solutions has worked for the last 10 years to develop a comprehensive plan to
restore Utah Lake based on complex engineering and science. Dredging is an indispensable compo-
nent of that plan and will help resolve most challenges the lake faces today. This document details
how dredging helps restore Utah Lake and gives an in-depth explanation of the Utah Lake Resto-
ration Project’s multifaceted methodology and timeline for dredging.

Dredging Utah Lake will:
Significantly deepen the lake
Reshape the lake's bathymetry
Provide channels to improve water temperature and circulation
Increase water-holding capacity by an estimated 405,000-acre feet
Conserve over 30 billion gallons of water annually
Improve water quality

The objective is to deepen Utah Lake by an average of three to six feet. However, dredging the lake
requires more than simply removing three to six feet of lake sediment uniformly across the lake.
The depth needed will vary based on lake bathymetry, geotechnical data, lake circulation and wave
modeling, and engineering design.

A thorough geophysical survey of the lakebed and over 500 core samples will provide a complete
sediment profile of the lakebed with comprehensive ground truth tests to better identify sediment
stratification. Depth of nutrient loading, physical and engineering tests of dredge material, and
quantities, locations and classifications of lake-bottom sediment will provide the technical data to
complete a detailed engineering design that meets all relevant creteria.

Lake-bottom bathymetry design and engineering, and wind and wave modeling will ensure restoration
and water-quality objectives are realized. Environmental objectives to restore littoral zones, protect
aquatic species, reduce lake-bed sediment resuspension, and improve lake circulation and dissolved
oxygen levels will also inform dredging design. Based on these multifaceted objectives, some areas
may be dredged by as little as 18 inches, and others by up to 90 feet to create deep-water channels.

Our current engineering designs suggest that to deepen the lake to the desired levels, upwards of
1.3-billion cubic yards of material will be dredged from the lake bottom as part of this project. Dredges
to accomplish this work come in a range of sizes. Considering the use of hydraulic dredges averaging
1,500-1,800 cubic yards per hour, working 20 hours a day, six days a week, nine months a year, this
volume of dredging can be completed by 10 dredges over a 12-to 15-year construction schedule.

U.S. ARMY CORPS OF ENGINEERS NATIONAL DREDGING POLICY (ADOPTED JUNE 1995)

“The nation's coastal, ocean, and freshwater resources are critical assets, which must be protected,
conserved, and restored. These resources are equally important to the United States by providing
numerous economic and environmental benefits..Consistent and integrated application of exist-
ing environmental statutes can protect the environment and can allow for sustainable economic
growth..Dredged material is a resource, and environmentally sound beneficial use of dredged ma-
terial for such projects as wetland creation, beach nourishment, and development projects must be
encouraged” (U.S. Army Corps of Engineers [USACE], 2015, pp. 2-7, 8).

Lake Restoration Solutions
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DETAILED PLAN

WIND AND WAVE HEIGHT MODELING
Increased Depth Reduces Orbital Velocity

Controlling wind and wave action is critical for restoring the water quality of Utah Lake. By reduc-
ing the size and power of waves and increasing the depth of the lake, the amount of force wave
action exerts on the lake bottom can be significantly reduced and turbidity within the water column
decreased. This means improved water clarity, re-establishment of littoral zone plants, and reduced
resuspension of sediments that carry nutrients into the water column and feed toxic algal blooms.

Reducing wave height and increasing lake depth through dredging creates a direct linear reduction
in the amount of force wave action exerts on the lake bottom. When wave height is reduced and lake
depth is increased, the combined effect produces a significant reduction in forces exerted on the
lake bottom by wave action thus reducing sediment resuspension.

I
E

Lake Restoration Solutions
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Water Quality Improvements

Dredging Utah Lake, including removing nutrient-loaded sediment from the lake bottom and im-
mobilizing them in the newly created islands, deepening the lake, and controlling wind and wave
action to reduce resuspension, form a foundation for a lake with cleaner and clearer water. These
changes alone will substantially improve lake-water clarity and water quality. At the same time, to
maximize the benefits of this effort, it is important to address high nutrient inflows, remove inva-
sive plant and fish species, and restore native plant populations and biodiversity. To accomplish
this, the Utah Lake Restoration Project will help implement and fund the following:

1.

O s LD

6.

Upgrades to six wastewater treatment facilities to reduce nutrient loading
Stormwater capture, retention, and treatment to reduce pollution and nutrient loading
Biofiltration systems to clean the water

Mechanical pumping systems to improve water circulation

Aeration systems to improve water oXygenation

Restoration of littoral zones to anchor lake sediment and balance nutrient levels

These water quality improvements are discussed more in depth in the Utah Lake Restoration Project
Proposal to the State of Utah.

Lake Restoration Solutions
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Lake Sediment Composition
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Geophysical Survey
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Geotechnical Investigation

Physical and Engineering Characteristics

Lake Restoration Solutions
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Combined Geotechnical Analysis

BENEFICIAL USES OF DREDGE MATERIAL

The U.S. Army Corps of Engineers has the statutory authority over all dredging of navigable water-
ways in the United States. In 1995, a national dredging policy was adopted emphasizing the impor-
tance of dredging to protect and restore the nation's waterways:

The nation’s coastal, ocean, and freshwater resources are critical assets, which must be pro-
tected, conserved, and restored. These resources are equally important to the United States
by providing numerous economic and environmental benefits..Consistent and integrated
application of existing environmental statutes can protect the environment and can allow for
sustainable economic growth (USACE, 2015, pp. 2-7, 8).

The beneficial use of dredge material is an integral part of the national dredging policy. "Dredge ma-
terial is a resource, and environmentally sound beneficial use of dredge material for such projects
as wetland creation, beach nourishment, and development projects must be encouraged.” The policy
goes on to explain, “Over 95% of the materials dredged are a clean and viable resource that, if placed
in the proper locations, can be put to productive uses” (USACE, 2015, p. 1-2).

Lake Restoration Solutions
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In collaboration with the U.S. Environmental Protection Agency (USEPA), the U.S. Army Corps of
Engineers published the Beneficial Use Planning Manual ("Identifying, Planning, and Financial
Beneficial Use Projects Using Dredged Material") which explains that most sediment can be put to
beneficial use:

A common misperception among the public is that dredge material is usually contaminat-
ed; in fact, a significant portion of material dredged from U.S. waters is not contaminated..
the promotion of beneficial uses continues to require a shift from the common perspective
of dredge material as a waste product to one in which this material is viewed as a valuable
resource that can provide multiple benefits to society (USEPA, 2007, p. 5-9).

The Utah Lake Restoration Project is aligned with the national dredging policy both in restoring
Utah Lake as the largest natural freshwater lake in Utah and providing beneficial and productive use
of dredge material for “wetland creation, beach nourishment, and development projects" (USACE,
2015, p. 1-2). Use of sediment as soil amendment and for agricultural and residential uses are likely.

The Beneficial Use Planning Manual further explains how beneficial uses have both human and
ecological benefits:

Human and ecological benefits could include creation, restoration, or enhancement of habitat
(either directly for fisheries or wildlife, or indirectly for food web support), creation or enhance-
ment of recreational opportunities (either active recreation or passive aesthetic enjoyment),
enhancement of water quality (via sediment trapping or nutrient retention and removal), or
improvement of hydrologic functions (groundwater recharge, groundwater discharge, flood
storage and desynchronization flow control, and shoreline anchoring) (USEPA, 2007, p. 47).

Research and engineering for beneficial use of dredge material across the United States over several
decades has informed the engineering and design of the Utah Lake Restoration Project

Storing and Sequestering Nutrient-Loaded Sediment

Storing and sequestering the nutrient-loaded sediment in Utah Lake is vital to restoring the lake’s
water quality. While available data indicates the nutrient-loaded sediment does not contain indus-
trial pollutants, the Utah Lake Restoration Project is designed to store and sequester soil so nutri-
ent-loaded sediment does not leach back into the water column.

Islands play a critical role in restoring Utah Lake's water quality by:

1. Storing and sequestering fine silts which are easily resuspended in the water column adversely
affecting turbidity and water quality

2. Storing and sequestering nutrient-loaded sediment, thus preventing the nutrients from becoming
a food source for algal blooms

3. Providing dredged sediment storage which allows the depth of the lake to be increased; as
previously discussed, a deeper lake will result in substantially reduced sediment resuspension
due to wave action.

4. Reducing wave height and forces which, as also previously discussed, will substantially reduce
sediment resuspension due to wave action.

Islands created from dredge material allow areas to be deepened by as much as 90 feet. The forma-
tion and placement of islands allow for the control of wind and reduction in wave height by up to
60%. Numerical models predict that by increasing lake depth and decreasing wave height, total orbit-

Lake Restoration Solutions
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al velocity on the lakebed decreases by 500% on average. Modeling also predicts the combined effects
of these actions, coupled with the sequestration of some of the most nutrient-impacted sediment in
the islands, results in a significant reduction in the water column's nutrient loading. Finally, restor-
ing emergent and littoral zone plants will anchor lake sediment and naturally balance nitrogen and
phosphorous levels in the lake. These conservation actions are designed to fundamentally transform
the lake from a dirty, turbid, lake with a suspended mud bottom, to a clear, blue-green lake ideal for
fish, wildlife, and recreation.

Island Creation
There are five basic steps to island creation.
1. Outline island shapes and provide containment for island infilling with geotextile tubes
Infill island outlines with engineered dredge material mixtures selected based on island end use
Contour the island for natural appearance

Compact and dewater soils using dynamic compaction or other appropriate methods

o s wN

Complete the shoreline with riprap, sand, gravels, and soft shore plants

1. Island Outline - Geotextile tubes

Lake Restoration Solutions
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2. Island Infill

Appropriate tests for determining physical, engineering, chemical, and biological
properties of dredge material to evaluate its suitability in the built environment
Analysis Appropriate Tests Standards Application
Grain Size—Standard Sieve test and Hydrometer test ASTM D422
Particle Shape/Texture ASTM D2488
Physical Water Content/% Moisture ASTM D2216 Structural and
) Permeability ASTM D2434, D5084 Non-structural
Analysis Atterberg Limit ASTM D4318 applications
Organic content/organic matter ASTM D2487
Unit weight ASTM D29, D854, D1556, D2922
Compaction Tests
Standard Compaction Test
Modified Compaction Test
. . 15 Blow Compaction Test ASTM D698, D1557, D5080
Engineering —r Structural
) Consolidation tests ASTM D2435 S
Properties - - applications
Bearing capacity ASTM D1883
Shear Strength ASTM D2850, D3080, D4767
Compressive Strength ASTM D2166, D4219
pH ASA 1996:Ch 16
Calcium Carbonate Equivalent ASA 1996: Ch 16
Cation Exchange Capacity ASA 1996: Ch 40
Salinity ASA 1996: Ch 14 ASA 1996: Ch 31
Sodium ASA 1996: Ch 19 ASA 1996: Ch 14
Chloride ASA 1996: Ch 19
Electrical Conductivity ASA 1996: Ch 14
Chernical Total Organic Carbon ASTM D2974; D2974-87; ASA 1982: 29-4.2  Structural and
] Ammonium Nitrogen EPA-CRL-324 Non-structural
Properties Nitrate-nitrogen; Nitrite-nitrogen EPA-SW846-9200 applications
Total Phosphorus EPA-CRL-435
Ortho-phosphorus EPA-CRL-435
Potassium ASA 1996: Ch 19
Total Metals EPA-SW846-200.9; ASA 1996: Ch 18-30
Pesticides (chlorinated) EPA-SW846-8080
Polynuclear Aromatic Hydrocarbons (PAHSs) EPA-SW846-8270
Dioxins EPA-SW846-8290 and 1630
Biological Animal Bioassay ASTM 1998 Structural and
) ] ) Non-structural
Properties Elutriate Bioassay EPA 1991 (Method 11.14) applications
Note: ASTM = American Society for Testing and Materials; ASA = American Society of Agronomy/Soil Science Society of America;
EPA = U.S. Environmental Protection Agency.

Figure G. Beneficial Uses of Dredged Material in Green Infrastructure and Living Architecture to Improve
Resilience of Lake Erie (Bhairappanavar et al., 2018, p. 3)
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3. Island Contouring

4. Dynamic Compaction and Other Ground Improvement Methods

5. Completing the Shoreline
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ENGINEERING FOR BENEFICIAL USE OF DREDGE MATERIAL
Engineering for Beneficial Use of Sediment

The required engineering properties of island infill will be established based on island types, end uses,
and a range of engineering evaluations related to stability and settlement of fill. The results of the
geophysical and geotechnical investigations, discussed earlier, will document the ability of the dredged
materials, once placed, dewatered, and compacted, to meet engineering design criteria. This is ex-
plained in The Processing and Beneficial Use of Fine-Grained Dredge Material: A Manual for Engineers:

Potential beneficial uses of sediment and/or PDM are separated into two basic categories—
non-structural and structural applications. Non-structural applications have little-to-no load
placed upon the fill material, such as golf courses, recreational fill, or some landfill applications.
Structural applications, on the other hand, may consist of roadway subbase, embankments, or
as protective mediums... Geotechnical tests for non-structural fill beneficial uses include evalu-
ations of general index properties, basic gradation, and compressive strength. While the pro-
posed beneficial use may not require a compressive strength component, it is often important
to know the capabilities of the dredged material/PDM should it need to support future loads...

In structural applications, not only

are index properties useful, but they Beneficial Uses Most Compatible with Dredged
also indicate the compressibility, Material of a Given Composition

strength, and durability of the mate-
rial (Maher et al., 2013, p. 18).

Material Type Potential Beneficial Use*

Rock Habitat Restoration and Development
Beneficial uses for structural and Beach Nourishment (offshore berms only)
non-structural uses of dredge material can Parks and Recreation

F 1 t island hich Agriculture, Forestry, Horticulture, and Aquaculture
vary. ror €xample, estuary 1siands, wiic Strip-Mine Reclamation/Solid Waste Management

are not designed for structural support, Construction/Industrial Development
will likely have different requirements for | sang and Gravel Habitat Restoration and Development
engineering properties than development Beach Nourishment
islands. Thus, the range of sediment types Parks and Recreation
. . . Agricult F try, Horticult dA It

that can be used for infilling estuary is- GIEHITINS, POISSEY, FENTIGHIIE, S AERcHIiE

] Strip-Mine Reclamation/Solid Waste Management
lands is broader than the range for devel- Construction/Industrial Development
opment islands. Even within an individual : : ;

P : | Consolidated Clay  Habijtat Restoration and Development

development island, the requirements Parks and Recreation
will likely vary. For example, commer- Agriculture, Forestry, Horticulture, and Aquaculture
cial and high-density building areas may Construction/Industrial Development
have more stringent requirements than Silt/Soft Clay Habitat Restoration and Development
single family units due to load-bearing Parks and Recreation

. Agriculture, Forestry, Horticulture, and Aquaculture
needs and different settlement tolerances. Construction/Industrial Development

Foundat_l(_)n maten.als will havg different Mixture (rock/sand/ Habitat Restoration and Development
composition than island topsoils. Beach gravel/silt/soft clay) Beach Nourishment (offshore berms only)
replenishment projects will be largely de- Parks and Recreation

signed to receive sifted and cleaned sand, Agriculture, Forestry, Horticulture, and Aquaculture

hil icul land land Strip-Mine Reclamation/Solid Waste Management
while agricultural and wetlands areas Construction/Industrial Development

may be deSIgned to receive more silts and * Uses in bold italics text are the most suitable uses for the corresponding material type

hlghel’ organic-content sediments. Figure J. USEPA/USACE Beneficial Use Planning Manual (2007, p. 11)
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A wide variety of sediment types are dredged.. These include fine-grained silt, pre-industrial
red clay, glacial till, rock, and sand. With the exception of silt, most of this dredged material
is not only clean, but able to be used beneficially in much the same way as any other quarried
aggregate. Accepted beneficial uses include transportation-related construction materials,
reef construction, habitat remediation, and beach replenishment. Over the past several de-
cades, millions of cubic yards of these materials have been beneficially used for these purpos-
es (Maher et al., 2013, p. 36).

A more detailed analysis is provided below to explain engineering for the island types and land uses,
with a focus on the development islands. Detailed engineering for the islands will commence after
completion of the geotechnical survey.

Detailed Mapping of Sediments Guides Dredging Process
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ISLAND TYPES AND BENEFICIAL USES

When considering the compaction of soils, two broad classifications of soils can be consid-
ered separately: (1) cohesive soils, and (2) cohesionless soils. Cohesive soils are those that
contain sufficient quantities of silt or clay to render the soil mass virtually impermeable
when properly compacted. Such soils are all varieties of clays, silts, and silty or clayey sands
and gravels..On the other hand, cohesionless soils are relatively clean sands and gravels
that remain pervious even when well compacted..An important characteristic of cohesive
soils is the fact that compaction improves their engineering properties of sheer strength and
compressibility..For each compaction procedure there is an “optimum” moisture content that
results in the greatest dry density or state of compactness (Fang, 2002, p. 249).

Estuary/Barrier Islands
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Recreation Islands
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Figure L. Recreation islands provide opportunity to reconnect.

The USACE Dredging Manual explains how recreation islands provide beneficial use of dredge material:

Potential recreational uses of dredged material placement sites are practically unlimited.
They range from projects as simple as fill for a recreation access road to projects as large as
Belle Island in the Detroit River on the United States-Canada border and the Lake Vancou-

ver Park, WA, to projects as complex as the 1,800 ha Mission Bay development in San Diego,
CA, supporting both public and private commercial and noncommercial recreation facilities.
There are several hundred known examples of recreational beneficial uses of dredged materi-
al, a number of which are listed in Appendix D, “Plant Materials for Beneficial Use Sites.” Many
sites are multipurpose—while they include recreation facilities and activities, they also in-
clude education (nature trails, visitors centers, museums), fitness (hiking biking, jogging), nat-
ural resources, commercial, and other types of beneficial uses as well (USACE, 2015, p. 5-103).

The USACE Dredging Manual also advocates diversity of facilities and activities that can be support-
ed by recreation islands and shorelines:

Placement sites in coastal and riverine areas have highly diverse recreation potential, especially
for water-oriented activities. These sites are especially attractive for shoreline recreation devel-
opment, such as swimming beaches, boat launching ramps, and fishing piers. When areas are of
sufficient size, campgrounds, marinas, outdoor sport facilities, and hiking and nature trail sys-
tems may be constructed. Recreation development potential of these areas is quite high when
authority, funds, and land area are all of sufficient amounts, and the public interest is best served
by such development..While high site recreational use is generally dependent on facilities devel-
opment, undeveloped placement lands also attract a segment of the public for activities appropri-
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ate for those areas, such as nature study, primitive camping, hiking, hunting, and beachcombing.
Provision for access to these areas is one of the minimal requirements (USACE, 2015, p. 5-107).

Residential and Urban Use

Figure M. Development islands are the project’s economic driver

In spite of the sometimes poor foundation qualities, ||| GG
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In 1978 a case study by Conrad and Pack was conducted of various development projects built on
dredge material. This study is helpful as it identifies soil characteristics for each development in-
cluding dredge material type, grain size, and bearing capacity (USACE, 2015, pp.5-168, 169).

Case Study Site Physical and Dredged Material Characteristics (from Conrad and Pack 1978)

Approximate Depth to
I.Jp Soil Characteristics Foundation
Size
Strata
. . Grain Bearing Vegetative
Site Location ha acres Type Size Capacity Support ft
Anacortes Anacortes, WA 11 26  Sand/clay Fine Fair Good 8 25
e Silty clay . .
Artificial Island Salem County, NJ 81 200 loam Fine Fair Good 21 70
Bay Port Green Bay, WI 233 575 Sand/clay Fine Poor Good 5 15
E. Potomac Park ~ Washington, DC 133 329 Silt/clay Fine Poor Good 31 100
Flfth. Avenue San Diego, CA 9 22  Finesand Fine Fair Good N/A  N/A
Marina
Florida State Hillsborough Co, FL 112 276  Silt/clay  Fine Poor Good N/A  N/A
Fairgrounds
. . Fine/ .
Hookers Point Tampa, FL 162 400  Silt/clay : Fair Good N/A  N/A
medium
Hoquiam Hoquiam, WA 18 45  Sand/silt Fine Fair Good 10 34
Patriots Point Charleston, SC 182 450  Silty loam  Fine Poor Good 18 60
Vicksburg Vicksburg, MS 142 350 Sand/silt Fine Good Good 12 40
oo oo Fine to .
Virginia Beach Virginia Beach, VA 17 43  Sand/clay _ Fair Poor N/A  N/A
medium
Pelican Island Galveston, TX 1,306 3,225 Silt/clay Fine Fair Good N/A  N/A
) Fine to .
Port Jersey Jersey City, NJ 172 430 Sand/clay _ Fair Poor 23 75
medium
Blount Island Jacksonville, FL 680 1700 Silt/clay Fine Good Good 25 80
Rivergate Memphis, TN 172 425 Sand/clay Medium Good Good N/A  N/A

Figure N. Case Study Site Physical and Dredged Material Characteristics (USACE, 2015, p. 5-168).
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Case Study Site Settings (from Conrad and Pack 1978)

. . Urban .
Site Name Productive Use Water and Sewer . Zoning Access
Setting
: ) ) Industrial
Anacortes Industrial/ manufacturing  To site Urban/port urban / Excellent
o Home nearby; developed Industrial
Artificial Island Nuclear power plant ) y ) P Rural / Poor
their own services urban
. Industrial/
Bay Port Industrial/port Nearby Urban Good
urban
E. Potomac Park Park Onsite Urban Open space Excellent
Fifth Avenue . : .
) Marine/park Adjacent to site Urban Open space Excellent
Marina
Florida State ) ) Urban
; State fair-grounds Onsite Suburban . Good
Fairgrounds transition
) ) o . Industrial/
Hookers Point Industrial/port facility Onsite Urban/port urban Excellent
0.2 km (0.13 mi Industrial
Hoquiam Industrial/manufacturing .( ) Urban/port / Good
from site urban
) Water extended to site; pack- Commercial/
. ) Museum/marina/ ) .
Patriots Point age sewage treatment plant  Suburban agricultural/ Fair
golf course, hotel .
installed. open space
Vicksburg Industrial/manufacturing  Adjacent to site Suburban None Good
Residential
Virginia Beach Beach front commercial ~ Adjacent to site Urban ) / Excellent
commercial
) ) ) Industrial/
Industrial/residential .
Pelican Island . U l Jresi I _/ Adjacent to site Urban residential/ Excellent
institutional/recreational
open space
Port Jersey Industrial/commercial Onsite Urban Industrial Excellent
Blount Island Industrial To site Suburban Industrial Excellent
Rivergate Industrial Onsite Suburban Manufacturing  Excellent

Figure O. Case Study Site Settings (USACE, 2015, p. 5-169).
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STRUCTURAL CAPACITY
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Figure P. Vibratory compaction method
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Figure Q. PVD Placement

DEWATERING
Dewatering Engineered Sediment

PVD Use for Fine Sediments
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PVD Design and Placement Methodology

Figure R. PVD types - www.awd-usa.com

Drainage
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Pore Water
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Figure S. Cross section of PVD system
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DETERMINING HORIZONTAL PERMEABILITY TO OPTIMIZE DRAINAGE
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Drain Influence Zone

Benefits of PVDs
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COMPACTION
Compacting Fine Sediments

Dynamic Compaction
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Figure U. BAUER Maschinen GmbH — Dynamic Compaction
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Conventional Impact Rapid Dynamic Dynamic
Rolling Rolling Compaction Compaction

Figure V. Compaction Method Range Comparison

Other Compaction Methodologies

Compaction QA/QC Processes
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Figure W. East Potomac Park, Washington D.C. - Successful urban open space on land created with dredge material
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Figure X. Utah Lake Shoreline

Spring Mapping
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DREDGING AND LAND CREATION TIMELINE

Figure Y. Utah Lake Restoration Dredging and Land Creation Timeline
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CONCLUSION

There are four primary objectives to dredging:
1. Remove and encapsulate fine particulate from the top eight to 12 inches of lake bottom
2. Remove nutrient-loaded sediment comprising 12 to 22 inches of lake bottom
3. Deepen the lake to reduce forces that can disturb the lake bottom an cause sediment resuspension
4

. Change the lake bathymetry and create deep-water channels to improve circulation and cool the
lake water

Dredging is an indispensable part of the Utah Lake Restoration Project. Restoring Utah Lake's
water quality, conserving over 30 billion gallons of water per year, and improving water storage
are all made possible through dredging and beneficial uses of dredge material. Dredging allows
the lake to be deepened, nutrient-loaded sediment removed and encapsulated, and water column
turbidity reduced.

Island creation using dredge material is central to restoring Utah Lake. Islands control wind and
reduce wave height by up to 60%, improve water clarity, expand fish and wildlife habitat, and create
new recreation opportunities. They reduce evaporation, increasing water for use along the Wasatch
Front. The beneficial use of dredge material for these conservation actions will fundamentally
transform the lake from a dirty, turbid lake with a suspended mud bottom to a clear, blue-green lake
ideal for fish, wildlife, living and recreation.
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INTRODUCTION

The Utah Lake Restoration Project is envisioned as the largest watershed conservation project in the
United States, achieving clean water on a 200+ billion gallon freshwater lake, conserving more than
30 billions of gallons of water annually, and restoring a deeply impaired watershed and ecosystem.
The project introduces an innovative public-private partnership funding model that uses real-es-
tate sales to fund environmental conservation. The project will result in the creation of a world-
class lakefront community in and around Utah Lake, one of largest freshwater lakes in the Western

United States with a surface area of 96,400 acres or 150 square miles._

Utah is the third fastest growing state in the United States fueled by the nation’s number one job-
growth economy. Utah Lake is situated in the center of Utah County, the fastest growing county in
the state, with a population expected to increase 27 percent over the next 10 years and 59 percent
over the next 20 years. The project’s setting is stunning; a beautiful freshwater lake with 76 miles of
shoreline, bordered by towering snow-capped mountains, and surrounded by vibrant business and
residential communities.

The Utah Lake Restoration Project presents the unique opportunity to restore an impaired waterway
while creating valuable lakefront land in the center of one of the hottest real estate markets in the
country. During summer months harmful algal blooms fed by the lake bottom’s nutrient-loaded sedi-
ment affect Utah Lake's usability for recreation and impair its water quality. For decades, the State of
Utah has recognized the need for a large-scale restoration project that includes dredging to deepen
the lake and store and sequester nutrient-loaded sediment. Restoring the lake is a valuable conser-
vation objective that would be enabled and accelerated with WIFIA funding.

> 'y 7
VA R | s
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The Utah Lake Restoration Project will be
executed in five phases, encompassing the
creation of |j{jfllacres of development
and recreation land by dredging one billion
cubic yards from the lake bottom to create
islands in the lake and limited land adjacent
to the lakeshore. Dredging Utah Lake will
substantially improve its water quality and
clarity and overall health.

Utah County currently faces a significant
shortage of land for home building and oth-
er development creating significant upward
pressure on land values. The raw land cre-
ated by the Utah Lake Restoration Project is
achievable at a cost that is [ less than
the average market price-per-acre for other
raw land in Utah County. Land sales will
enable repayment of WIFIA funding. The
project’s anticipated development period for
dredg-ing and land sales is 15-17 years with
order of magnitude projections of-

I profit after loan repayment.

UTAH LAKE RESTORATION PROJECT

Project Phasing Legend

Phase 1 nase 2 ase

“Utah has the strongest and most diverse economy in the nation.
Our business friendly policies, low tax rates, and public-private
partnerships help enterprising venture grow. ”

- Governor Gary R. Herbert
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HIGHLIGHTS

BUSINESS MODEL

Dredging is an indispensable component of restoring Utah Lake and its watershed. Dredging Utah
Lake will significantly deepen the lake, reshape its bathymetry to improve water temperature and cir-
culation, increase water-holding capacity by an estimated 405,000-acre feet, conserve over 30 billion
gallons of water annually, and improve water quality. Dredging will reduce lake-bottom turbidity
and enable restoration of submerged vegetation necessary for filtration.

Island creation using dredge material is also
central to restoring Utah Lake. The islands
store and sequester nutrient-loaded sedi-
ments. They reduce evaporation, increasing
water for use along the Wasatch Front. Is-
lands control wind and reduce wave height
by up to 60%, improve water clarity, expand
fish and wildlife habitat, and create new
recreation opportunities. The beneficial use L e e AR g O TR
of dredge material for these conservation R 2 T P i
actions will fundamentally transform the lake from dirty, turbid with a suspended mud bottom to
clear, blue-green and ideal for fish, wildlife, living and recreation.

2%

The islands will be formed using proven engineering methodologies that have been deployed suc-
cessfully for island and land creation around the world for decades. The new land will be created
with engineered fill of materials found in and around the lake and at an elevation well above the
flood plain. The material will be dewatered and compacted to specifications required for a variety of
land uses. A detailed analysis of this process can be found in our proposal to the State of Utah.

The LRS business model is straightforward; create raw land via dredging and sell the land at a profit
as improved and shovel-ready acres for real estate development. The value of the graded lands sold
is expected to range S (S SIEGIE Il per acre depending on market conditions and intended
land use (and may be even higher taking into account a waterfront or island premium), albeit the
financial model and capital plan also demonstrate the bankability of the project at more heavily dis-
counted rates should real estate market conditions not evolve as anticipated.
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UTAH LAND AND POPULATION CHARACTERISTICS

Developable land in Utah is very limited, despite being a relatively large state geographically; 75% of
the state is publicly owned, primarily by federal agencies. Limited water availability and geograph-
ic constraints have led to a population concentration, where 80% of the state’s population lives in
an area called the Wasatch Front, a corridor 80 miles long and an average of five miles wide. The
Wasatch Front is boxed in by mountain ranges and two large lakes, the Great Salt Lake and Utah
Lake. Nearly all development activity in the state has happened in this area for over 100 years.

Due to lack of available land, development is now pushing outside of this box, but living outside the
Wasatch Front is less desirable due to long commutes around the lakes and mountains and lack of
usable water for development in significantly more arid portions of the state. At the same time, the
population continues to grow, with natural increase (births minus deaths) and strong positive net
migration in 29 of the last 30 years driving demand for new housing.

There are virtually no remaining large parcels of land in the desired Wasatch Front metro area, lim-
iting the ability of commercial developers and home builders to meet market demand and creating

a commercial and residential property availability crisis in recent years, with no end in sight for the
supply shortage. The Utah Lake Restoration Project delivers much needed land in the Wasatch Front
for commercial and residential development.
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LOCAL REAL ESTATE MARKET AND LACK OF LAND

According to CBRE'’s 2019 Salt Lake Real Estate Outlook report, demand for residential and commer-
cial development remains elevated, keeping pressure on land values in the Utah market, with land
values increasing 15% year-over-year for land zoned for medium to high-density residential use.
Driven by strong population growth, single-family home permitting was up 14.1% year-over-year. Af-
fordability is becoming a concern, as home prices increased another 7.8% year-over-year. CBRE fore-
casts that the drivers of land values are not expected to subside in the near future, and that buyers of
land will have to lower their profit expectations for vertical development, as land values continue to
increase but home values eventually start hitting a ceiling of what buyers can realistically afford.

Commercial land tells an even more compelling story, with limited land availability driving in-
creased land values. Even “off-corner’ undesirable parcels that have been on the market for a
lengthy period of time are now being sold due to lack of available land. Commercial land in hot spots
such as Lehi and Saratoga Springs, both near Utah Lake, are seeing land value growth of 10- 15%
year-over year. All of this works to the benefit of the Utah Lake Restoration Project, which is creat-
ing land for- less than the average market price-per-acre for raw land in Utah County. The proj-
ect creates a beautiful lakefront master plan located in a highly desirable area including both resi-
dential and commercial uses.

The COVID-19 pandemic has not changed the fundamental drivers of land values in Utah. The real
estate market continues to be strong. Utah has one of the lowest unemployment rate in the nation as
of May 2021, with a rate of 2.7% compared to 5.5% nationally. The population continues to grow, and
the shortage of land remains, maintaining consistent land values even during this highly unusual
socioeconomic climate.

STATE AND LOCAL ECONOMY HIGHLIGHTS

Utah has been a top three state in the nation in ———— 0 | =
every measurable economic indicator for the P -
past decade, with business-friendly government *«#= |
policies, a diverse and well-educated workforce, i
and top marks on all of the quality-of-life met-
rics. As of July 2019, Utah was #1 for job growth
nationwide with a 3.6% growth rate. The 40-year
average for job growth in the state is 3%. Even
during the great recession, Utah remained top
three in unemployment (3.5% unemployment)
and job growth (3.6% job growth). Much of the
job growth in Utah County has been driven by a thriving entrepreneurial tech sector, but the state’s
economy is well balanced (Hachman Index economic diversity score of 97.1 out of 100).

As mentioned in the previously, the COVID-19 pandemic, while very disruptive to normal life, has
had a lesser impact on the state of Utah than every other state nationally. Additionally, the State
has prepared rainy day funds and reserved billions in untapped bonding capacity for the purpose of
stimulation during an economic downturn. Those resources are being deployed now throughout the
state, including a $10 million loan guarantee to LRS for purposes of effectuating this project.

Lake Restoration Solutions

UTAH LAKE RESTORATION PROJECT
REAL ESTATE MARKET OVERVIEW
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MASTER PLAN AND
BUILDER CONSORTIUM

The Utah Lake Restoration Project is a mas-
ter-planned development. Robert Scott is the
project design director for LRS. Robert has
extensive experience in urban design in-
cluding as head of design for the Palm Diera
and The World in Dubai. He has completed
conceptual design on Phase 1 of the Utah
Lake Restoration Project.

An advisory board of the state’s largest resi-
dential, high density, and commercial devel-
opers is in place to review each element of
the master plan including size, placement,

and land use for each parcel of land. =

UTAH LAKE RESTORATION PROJECT

- Commercial/Retail

Amusement/Hsspitakty
Mixed Use

- The land-use plan will be updated as

market conditions shift, with final detail B e
design completed just prior to horizontal de- ::;.::::::m.,
velopment. The end result of this process is — :::::Z::;:y"
a market-driven design optimized for profit- Public pen Space

ability, lifestyle, and quick sale of the land.
A builder consortium of l-] commercial and residential builders will complete the final vertical
build of the master plan. These local, regional, and national builders are selected according to their
financial strength, reputation for delivering quality products, and marketing and sales expertise.
Each company will build strategically segmented product lines complementary and not competitive
to each other. This approach avoids cannibalization of sales, with each bringing unique products to
the master plan with a different target customer in mind. This approach maximizes marketing dol-
lars to the project, speeds up market absorption, and enables the dredging and land creation efforts
to advance continuously through completion, achieving the environmental mission for which this
project was envisioned.

LAND USE MIX AND ABSORPTION

The pacing of land sales is driven by market factors for the various land-use types. Of the [-]
acres created by the project, only [- acres are intended as development land. The remaining
[- acres will be recreation islands and estuary islands that fulfill environmental and public-use
purposes. The public benefit of these islands is discussed at length in our proposal to the State of
Utah. The development islands are master planned with various land-use types including homes,
condos, apartments, office space, retail etc. LRS pro forma projections contemplate the sale of gross
acreage of development land only — (Sl acres. Nearly [ of the gross acreage on
development islands is reserved for parks, roads, open space, and other public use. Approximately
[- net acres of the total project will be sold to builders for construction of residential and
commercial properties.

Lake Restoration Solutions
UTAH LAKE RESTORATION PROJECT

REAL ESTATE MARKET OVERVIEW
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The projected absorption rate for the duration of the project is estimated at [-.] acres per month,
suggesting a 10-15-year period to absorb the net acreage — [- I’acres. The project has land pur-
chase commitments over [- acres already with expected purchase commitments for [- of
the available land in Phase 1 prior to the beginning of dredging, the other [- being reserved for
sale to qualified buyers who are not part of the initial builder consortium. In discussions with
prospective builder buyers, one builder requested all of the land on the first set of islands, more than
[- acres of real estate, but we declined this request in favor of a broader consortium of builders.
Realistically, the market could absorb more than [- acres per month, but the absorption pacing is
limited by the timing for dredging the lake, which is planned as a 15-year project.

Currently more than two million people live within a one-hour drive of the project. That number is
estimated to grow to four million people by 2065. Given market demand and other drivers, the pro-
jected absorption rates are conservative and only begin to address the current and ongoing land
shortage crisis along the Wasatch Front.

LAND PRICE AND FORWARD LAND SUPPLY ADVANTAGE

Another advantage of the Utah Lake Restoration Project in the local market is its extension beyond
Phase 1, creating [- acres of land for an extended build-out period of 15+ years. Having a
steady pipeline of available land with a simple land entitlement process makes this project the ideal
land-source for builders, our end customer. Land buyers have already communicated that because of
the steady pipeline and the simple entitlement process, home builders and other vertical developers
will willingly pay above-market land prices to build within the Utah Lake master plan.

BARRIERS TO ENTRY AND COMPETITIVE ADVANTAGES

Lake Restoration Solutions has three significant defenses against competition: geographic con-
straints, our partnership with the State of Utah, and patent pending protection.

Geographic Constraints

The geographic constraints along the Wasatch Front provide tremendous protection, with very few
remaining parcels of land available for development. This new land will have a natural buffer from
competitive encroachment with the lake water surrounding the majority of the new land, the only
exceptions being some small parcels on the east shore of Provo Bay. There are not significant com-
peting land resources nearby that could depress land values on Utah Lake.

Partnership with the State of Utah

Lake Restoration Solutions’ partnership agreement with the State of Utah grants exclusive rights to
this project. The partnership was made through a competitive public process, with authorizing legis-
lation passed by the state legislature allowing the State to exchange Utah Lake land for conservation
efforts. This exclusive concession prevents potential competitors from entering the same market in
the future.

Patent Pending Protection

Finally, Lake Restoration Solutions has patent-pending protection on several innovations required to
use dredging to restore a lake. This patent protection brings a significant legal enforcement mecha-
nism for the innovations created to restore Utah Lake.

Lake Restoration Solutions
UTAH LAKE RESTORATION PROJECT

REAL ESTATE MARKET OVERVIEW

7



LRS TEAM

The Lake Restoration Solutions team is a
world-class group of experts and infra-
structure professionals. Our Utah Lake
Restoration Project Team members have
delivered more than $150 billion in com-
pleted projects including similar multi-bil-
lion-dollar island creation and large earth-
moving infrastructure projects in countries
around the world such as Madagascar, the
United Arab Emirates, Mongolia, Zambia,
Panama, Saudi Arabia, the United States,
and Canada.

Robert Scott was General Manager of Design and Planning on several island creation projects in-
cluding Palm Diera, Mina Rashid, the World, and others. Other team members have led construction
management and implementation teams on similarly sized mass earthworks and mega-infrastruc-
ture projects like the Cobre Panama project, which involved moving 3.5 million cubic yards of soils
per month on land with all accompanying soils engineering and land stabilization implementation.
The LRS team is experienced and prepared to implement this project.

Lake Restoration Solutions

UTAH LAKE RESTORATION PROJECT
REAL ESTATE MARKET OVERVIEW
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CONCLUSION

The Utah Lake Restoration Project will be one of the largest master-planned communities ever
undertaken in the United States and is certainly the largest real estate driven watershed improve-
ment and environmental mitigation project ever conceived. The project has been developed by Lake
Restoration Solutions and the State of Utah as a public-private partnership, with each participant
assuming the risks and related benefits best suited to its sector.

The unique characteristics of the geography and real estate market in the Wasatch Front substan-
tially de-risks investment in the project in both the short and long-term horizon. Utah’s real estate
market is very resilient in times of national economic challenges and the Utah Lake Restoration
Project is diversified by selling land for multiple land uses, which can be modified as economic con-
ditions change. These strategic advantages bring strength and risk protection to the project and its
associated business entities. Lake Restoration Solutions is well positioned to deliver a solid finan-
cial performance in implementing the Utah Lake Restoration Project and offers a safe and appropri-
ate use of WIFIA funding.

Lake Restoration Solutions

UTAH LAKE RESTORATION PROJECT
REAL ESTATE MARKET OVERVIEW
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EXECUTIVE SUMMARY

I | he Utah Lake Res-
toration Project is a
comprehensive plan
- forrestoring Utah
Lake. Considering the size,
location, and ecological impor-
tance of Utah Lake, the promise
of comprehensive restoration is
an objective worthy of mon-
umental collaboration and
investment by the state of Utah
and its citizens.

":I

It will transform the Lake from
an impaired, nutrient-loaded
waterway, dominated by inva-
sive species and prone to algal
blooms, into a clear-water state
lake with thousands of acres

of restored native submerged
plant zones, millions of June
sucker, Bonneville cutthroat
trout, and native fish species,

THE UTAH LAKE RESTORATION PROJECT - JANUARY 2018 2



flocks of geese, pelicans, bald
eagles, osprey, and shore birds.
In short, comprehensive resto-
ration will turn back the clock
on 150 years of lake ecosystem
degradation.

The Utah Lake Restoration
Project will contribute bil-
lions of dollars in private
funding to accomplish these
restoration goals. A $2 billion
dredging project will result in
a deeper, clearer lake, dotted
with Islands for recreation,
conservation, and world class
water-front living. Over 30 bil-
lion gallons of water conserva-
tion savings will be produced
through reduced evaporation
and removal of miles of inva-
sive plant species. The Project
will provide a vibrant crown
jewel of waterfront living and
outdoor recreation, adding to

the already tremendous natural
wonders of the State of Utah.

CONSERVATION
SOLUTIONS

Dredging, island creation,
controlling wind and wave
action, water quality improve-
ments, and restored native
plant and animals will be ac-
complished through approxi-
mately $6.4 billion in private
conservation investment.

DREDGING

The foundation of the Utah
Lake Restoration Project is
dredging the Utah Lake bottom,
removing nutrient loaded
sediments that feed toxic algal
blooms, deepening the Lake to
reduce forces that can disturb
the lake bottom, and chang-
ing the lake bathymetry by

A

creating deep-water channels
to improve circulation and cool
the water.

ISLAND CREATION

Dredged material is then
formed into islands strategi-
cally engineered and placed to
control wind and wave action
on the Lake, expand fish and
wildlife habitat, protect shore-
lines, and reduce evaporation.

WATER QUALITY

The Project also funds upgrades
to 6 waste treatment facilities
around the Lake and installs 40
biofiltration systems, ensuring
that new water inflows are
clean and clear. Each of these
solutions combine to trans-
form the Lake from a turbid,
hypereutrophic state to a clean
clear-water state.



RESTORING NATIVE
PLANTS AND ANIMALS
Conservation investments allow
for restoration of a thriving
native aquatic and plant eco-
system, including removal of
invasive species. This creates a
self-sustaining ecosystem with
clean water allowing native
aquatic and terrestrial plant
and animal species to thrive.
Many of those same species
help naturally heal the Lake by
serving as filters to keep the
water clean.

ISLAND DEVELOPMENT
Besides serving a critical
conservation role, island
creation provides tremendous
recreational opportunities and
lakefront living for hundreds of
thousands of Utahns. Islands
are the economic engine that
attracts the private funding for
the $6.4 billion conservation in-
vestment. The majority of new
land created on the Lake will be
open, public space, including
parks, beaches, trail systems,
and recreation islands.

Developed islands will create
lakefront living at multiple
price points with single and
multi-family housing in low,
medium, and high-density
options. The main develop-
ment will include residential,
commercial and business
districts, with upscale shopping

and dining options for island
residents and visitors. Environ-
mentally conscious lake front
living is designed to support
and reinforce the conservation
objectives of the Project.

IMPLEMENTATION

This Project proposal rep-
resents a decade of design,
modeling, engineering and
planning. The Utah Lake
Restoration Project team is a
world-class group of experts
and infrastructure profession-
als, many of whom have led
similar multi-billion-dollar
island creation and infrastruc-
ture projects around the world.
The implementation plan
includes five phases:

1. Planning, detailed design,
environmental analysis,
and documentation

2. Restoration of Provo Bay
3. Dredging and island creation
4. Recreation island development

5. Main island development

The project will be complet-

ed in phases over the course
of several years. Most con-
servation solutions will be
implemented and operational
within the first ten years of the
project. Full development will
continue much longer, perhaps
as many as 25 years for full
construction and development
of Island communities.

THE UTAH LAKE RESTORATION PROJECT - JANUARY 2018
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PUBLIC TRUST

The Utah Lake Restoration
Project contributes significant-
ly to public trust values in the
state of Utah. The following are
areas of significant public trust
benefits to the state of Utah
and its residents:

1. Commerce: Increasing tour-
ism, economic development,
and state tax revenues

2. Water: Improving water con-
servation, water clarity, and
water quality

3. Environmental conser-
vation: Restoring natural
ecosystems, including native
plant communities, wildlife,
endemic, and endangered
species

4. Growth: Sustaining pop-
ulation growth along the
Wasatch Front, with afford-
able housing, sustainable
green living, and commer-
cial/business areas

5. Recreational opportunities:
Restoring use of the Lake,
and building recreation
islands, open space, trail
systems, docks, and public
beaches

6. Transportation: Constructing
causeways, public transpor-
tation, and enabling pedes-
trian traffic

7. Navigation: Increasing rec-
reational utilization, access,
and safety of the Lake

4



REVIEW CRITERIA

The five review criteria to evaluate competing bids include: (1) Income potential; (2) Ability of proposed use
to enhance adjacent state property; (3) Proposed timetable for development; (4) Ability of applicant to per-

form satisfactorily; and (5) Desirability of proposed use. The following table is provided to assist in evalua-
tion of this proposal. The sections which address the evaluation criteria are as follows:

REQUIREMENT m

1. Income potential:
a. Public Trust, Commerce 209-218
b. Implementation, Island Development 191-206

2. Ability of proposed use to enhance adjacent state property:

a. Conservation Solutions 31-100

b. Implementation 101-206

c. Public Trust 207-240
3. Proposed timetable for development: Implementation 4-6

4. Ability of applicant to perform satisfactorily:

a. Ability of proposed project to produce conservation benefits: Conservation 225-228
b. Ability of project implementation to be completed successfully: Implementation 101-206
c. Ability of team to successfully complete the work: Team 241-243

5. Desirability of Proposed Use:
a. Conservation Solutions 31-100

b. Public Trust 207-240

Note: We can provide supplemental information at the request of the Sovereign Lands Program
and the State of Utah.



CONCLUSION

This proposal is a comprehen-
sive plan for restoring Utah
Lake and the surrounding
ecosystem. The solutions
contained herein represent
more than a decade of design,
modeling, engineering, and
planning by a team of world-

--THE ARCHES--

DELICATE ARCH

Area 4 Dredging  1/2025 - 1/2027
Area 5 Dredging  1/2026 - 1/2028

EXECUTIVE SUMMARY

TIMELINE

This map and table show the estimat-

ed timeline to complete dredging in

the

Acres

2933
4000 TED

different areas on the Lake

Island Circ. #of
Cubic Yards Lft GeoTubes

% of Total
Dredging

125,0685,654| 272,776
140,000,000 500,000 8772

4786

Totals| 1/2020 - 1/2028

class experts and infrastruc-
ture professionals. The team
includes many who have led
similar multi-billion-dollar
island creation and infrastruc-
ture projects around the world.
The engineering is innovative,
the science is sound, and the
team has combined decades

19,805

998,787,743 (1,905,133 33,423

of experience to complete the
Utah Lake Restoration Project.
The promise of comprehensive
restoration of Utah Lake is an
objective worthy of pursuing.
We look forward to the consid-
eration of the Sovereign Lands
Program and the State of Utah
on this important project. i
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As one of the largest natural lakes in the western United States,
Utah Lake is a significant resource for the state of Utah. This
plan is the road map to take Utah Lake 1n the right direction.




BACKGROUND

AN UNTAPPED RESOURCE
A restored Utah Lake holds invaluable potential as a
resource for our growing state and its residents.

R R BT B i

tah Lake’s importance, both ecologically

and as a freshwater resource, is ad-

dressed by the Utah Lake Commission,

“Utah Lake is a focal point of natural
resource systems that contribute to the environ-
mental health, economic prosperity and quality of
life of area residents and visitors”

When pioneers arrived in the valley in the mid
1800s, Utah Lake was a clear-water lake with a vi-
brant ecosystem of freshwater vegetation, aquatic
and terrestrial species, shorebirds, and waterfowl.
The Lake continues to be home to many endemic
fish, aquatic and terrestrial species, and serves

as an important part of the Great Basin Flyway
for migratory bird species. Tens of thousands of

birds utilize the Lake every year for nesting, brood
rearing, and spring and fall migrations. In recent
years, however, the ecological impairment of Utah
Lake has become a significant concern.

AN UNDERUTILIZED RESOURCE

Utah Lake has become significantly underutilized
as arecreational destination, despite its easy
accessibility by two million residents along the
Wasatch Front. During the summer months, water
quality degradation, including significant algal
blooms and e-coli outbreaks, has led to closure

of the Lake lasting for weeks at a time. This past
year, during the prime recreational summer
months, there were only between 10 to 30 boats on
the Lake most days.

THE UTAH LAKE RESTORATION PROJECT - JANUARY 2018
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PUBLIC ACCESS
It is critical that any comprehensive plan
include maintaining or even improving public
access to Utah Lake and its resources.

of

Factors that have negatively impacted the Lake
include but are not limited to:

1. Fluctuating lake levels

2. Loss of aquatic plant species from
invasive carp

3. Heavy phosphorus and nitrogen loading
4. Increased wind and wave action
5. Uncontrolled algal blooms

6. Loss of habitat to invasive plant species

Instead of a clean, clear-water lake, Utah Lake

is now a turbid, hypereutrophic lake with sig-
nificantly degraded water quality. This not only
presents significant challenges from a water
supply standpoint, but also heavily impacts the
native terrestrial and aquatic species that utilize
Utah Lake. To address each of these challenges,
tremendous financial and infrastructure invest-

ments will be needed. RESTORATION EFFORTS

Extensive efforts have been made by the Utah
Lake Commission and the State of Utah to restore
the Lake, but it continues to degrade. In an effort

UTAH H c R 25 to find a solution, the Utah Legislature passed a
] ] ]

concurrent resolution during the 2017 legislative

session which sets forth important objectives for
‘ the restoration of Utah Lake. The resolution, H.C.R.
26, sponsored by Representative Mike McKell and
1. WILDLIFE RESTORATION Senator Deidre Henderson, passed with significant
Restore a vibrant fishery, including the Bonneville bi-partisan support. We applaud the leaders of the
cutthroat trout population and recovering the State for their acknowledgment of the need for
June sucker, while improving habitat for water- solutions to the Lake’s significant challenges.
fowl and other wildlife species.
2. PLANT RESTORATION
Accelerate solutions to remove invasive plant ‘ ‘

species, restore littoral zone plant communities,

and restore native plant species on Utah Lake’s Extens]_ve efforts

shoreline.

3. RECREATIONAL ACCESS have been madeto
Maximize and ensure recreational access and re StOl'e the Lake’ but ]_t

opportunities on Utah Lake, while also improving

lake use for Utah and its citizens. Contlnues to deg rade




In response to H.C.R. 26, Lake Restoration Solu-
tions has prepared a comprehensive and acceler-
ated plan, named “The Utah Lake Restoration Proj-
ect” This proposal provides additional detail to the
application previously submitted in December of
2017 which formally began the process of applying
as project contractor. The Utah Lake Restoration
Project will restore Utah Lake in a manner that
meets all of the objectives set forth by the Utah
Legislature in H.C.R. 26.

BACKGROUND

PUBLIC TRUST

The Utah Lake Restoration Project contributes
significantly to public trust values in the state of
Utah. The following are areas of significant public
trust benefits to the state of Utah and its resi-
dents: commerce, water conservation and quality,
environmental conservation, growth, recreational
opportunities, transportation, and navigation. i

©
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A RESOURCE FOR
THE FUTURE
Our plan is a pathway
to create a resource that
Utahn's will be able to
enjoy for generations
to come. It will create a
place people will want to
visit and enjoy rather than
avoid as they do now.
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Utah Lake's journey
to 1ts current state
1s the complex
result of thousands
of years of history.
It is important to
understand how
each issue affects
the other to see a
comprehensive
restoration is
necessary.

BACKGROUND




BACKGROUND

his proposal will
demonstrate how the
Utah Lake Restoration
Project will imple-
ment a comprehensive plan to
restore Utah Lake and provide
ecologically responsible devel-
opment to fund the extensive
restoration investment on Utah
Lake without requiring billions
of taxpayer dollars to meet
these restoration objectives.

We will also describe the exper-
tise and background of the team
that will implement the Utah
Lake Restoration Project and the
decades of global experience
they have with the implementa-
tion of infrastructure projects of
this size and scale.

®

UTAH LAKE MARINA

In 2017, during prime recreational
Summer months, most days there were
only between 10 to 30 boats on the Lake.

THE UTAH LAKE RESTORATION PROJECT - JANUARY 2018 12
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REMNANTS OF A
PREHISTORIC LAKE
Utah Lake is a remnant of ancient
Lake Bonneville. The Lake gets
most of its water from the Provo
and Spanish Fork Rivers. It drains
into the Jordan River and, in turn,
to the Great Salt Lake.

THE SETTING

Utah Lake is an expansive
freshwater lake, surrounded by
adjacent fertile lands of Utah
Valley and towering mountain
ranges. For thousands of years,
the Lake and surrounding
areas provided valued resourc-
es to the populations centered
in Utah County and along the
Wasatch Front.

Utah Lake is a remnant of the
much larger Pleistocene era
Lake Bonneville that once
covered the Basin and Range
Province from the Wasatch
Front to the Sierra Nevada.

It has covered 25 percent of
Utah Valley for approximately
10,500 years and is among the

Mountains surround Utah Val-

ley and the Lake on three sides.

They include the Wasatch
Range to the east, Traverse
Mountains to the north, and
Lake Mountains to the West.
The Lake’s inflow is composed
of surface inflows from 13
tributaries, the most important
being the Provo and Spanish

Pr

ABUNDANCE OF

FISH

Fork Rivers from the Wasatch
Range. Other sources of lake
water include springs and an-
nual precipitation. The Lake is
shallow with an average depth
of approximately 9 feet and
maximum average depth of 13
to 15 feet. The Lake drains into
the Jordan River, which flows
north into the Great Salt Lake.

Prior to European
settlement in 1849,
a tremendous native
fishery flourished in
the Lake.

largest naturally occurring
freshwater lakes west of the
Mississippi River.
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CENTER OF HUMAN
ACTIVITY

This highly productive lake-riv-
er system on the eastern
perimeter of the Great Basin
has been a center of human ac-
tivity and settlement for 6,000
years (e.g., Archaic, Fremont,
and Late Prehistoric periods).

Prior to European settlement
in 1849, limited historical
accounts by Spanish explorers
(1775-1820), fur trappers (1820-
1850), and early settlers (from
1849) provide some insight,
particularly of the tremen-
dous native fishery that once
flourished in Utah Lake. Trout
and suckers were abundant for
harvesting—supplying food for
the local native people (Timpa-
nogos) and settlers.

BACKGROUND

FACTS

96,400 ACRES
Utah Lake has covered 25 percent
of Utah Valley for approximately 10,500
years.

Utah Lake covers about 96,400 acres
(150 square miles) and has an aver-
age depth of approximately 9 feet.

Even today the Lake is highly
valued. It continues to support
fish populations, though the
fish species on the Lake are pri-

marily non-native and invasive.

The Lake and wetlands support
large avian populations of
migratory, shore, and songbird
populations. The Lake is used
for summer and winter recre-
ation including boating, fishing,
swimming, picnicking, skiing,
wind boarding, and ice skating.

DECADES OF DECLINE

A subnormal-cold winter in
the mid-1800s caused much

of the settlers’ livestock to die.
Fish were over harvested for
food and, by 1870, overfishing
severely depleted native fish
populations. Introduction of
non-native species, such as
carp, in the early 1880s, further
depleted native populations.
Then, as the human population >

‘.and the valleys and the borders of the lake of the Timpanogos [Utah Lake]...

is the most pleasant beautiful and fertile in all of New Spain.... The lake and the

rivers which empty into the lake abound in many kinds of choice fish; there are

to be seen there very large white geese, many varieties of duck, and other kinds

&)

of beautiful birds never seen elsewhere; beavers, otters, seals, and other animals

which seem to be ermines by the softness and whiteness of their fur"

Father Silvestre Velez de Escalante, 1776

‘I was at Utah Lake last week and of all the fisheries I ever saw, that exceeds all. I
saw thousands caught by hand, both by Indians and whites. I could buy a hun-
dred, which each weigh a pound, for a piece of tobacco as large as my finger. They

simply put their hand into the stream, and throw them out as fast as they can pick

PRIOR CONDITIONS
Historical reports
illustrate Utah Lake in
a completely different
light than its current
condition. They give
a glimpse into the po-
tential of a comprehen-
sively restored lake.

them up.... Five hundred barrels of fish might be secured there annually...”
Parley Pratt, 1849

THE UTAH LAKE RESTORATION PROJECT - JANUARY 2018
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Effects of
Agriculture
Over time, return

flow and seepage of
agricultural waste, in-
cluding fertilizers and
stockyard waste, have
negatively impacted
the Lake’s chemistry.

Ambient Dust

Fertilizers

Stockyard
Waste

Nutrient
Loading

15

grew and agricultural use of
the land increased, a dam at
the source of the Jordan River
was built (in the late 1800s) to
facilitate management of Utah
Lake water for culinary and
agricultural-irrigation uses.
Unfortunately, return flow

and seepage of agricultural
waste, including fertilizers and
stockyard waste, affected the
chemistry of the Lake. These

factors contributed to adverse
effects on water quality, aquat-
ic ecology, and precipitated
changes in shoreline vegeta-
tion. Non-native phragmites
have flourished in the lake
environment.

By 1900, only 50 years after the
first settlers moved into the
valley, the native fishery had
been decimated due to over-

utilization and exacerbated by
the introduction of non-native
fish such as carp, white bass,
and walleye. The carp quick-

ly consumed and destroyed
native plant populations that
secured bottom sediments. The
loss of native vegetation led

to turbidity of the water with
increased sedimentation in the
water column. Lost vegetation
also resulted in loss of cover for



young, native fish, such as trout
and the June sucker, allowing
them to become easy prey for
predator fish.

Other records document the
decline in water quality of
Utah Lake:

+ In 1948, a study demonstrated
Utah Lake was seriously pol-
luted—raw sewage was being
disposed of in the Lake.

+ By 1954, cities had construct-
ed or were in the process
of constructing sewage
treatment plants; though,
raw sewage was still evident
in the Lake by 1967.

+ While the Lake was consid-
ered polluted through the
1960s, actions implemented
as a result of the Water Pollu-
tion Control Amendments of

PHOSPHORUS
AND INORGANIC
NITROGEN

Some nutrients

are necessary for a
healthy lake, however
Utah Lake has been
overloaded with phos-
phorus and nitrogen
through natural and
man-made causes.

1972 enabled the Lake to be
deemed safe for swimming
and recreation.

+ The Environmental Pro-

tection Agency National
Eutrophic Survey Program
conducted in 1973-1974
reported Utah Lake to be the
most eutrophic lake of the 27
lakes surveyed in Utah.

In 1981, the Lake was report-
ed to be hypereutrophic with
in-flows of high concen-
trations of phosphorus and
inorganic nitrogen.

In the early 2000s, Utah
Lake exceeded Clean Water
Act recommended values
for phosphorus and total
dissolved solids (TDS). High
levels of phosphorus can
result in high levels of nui-
sance algae growth, low dis-
solved oxygen, and elevated
pH levels. Heavy nutrient
loading into the Lake sus-
tains algae growth (some-
what limited by turbidity
restricting the penetration
of light). m

o

HYPEREUTROPHIC
STATE
Since the 1950's, Utah
Lake has degraded
into a hypereutrophic
state, which enables
the algae growth and
blooms on the Lake.
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CHALLENGES ON

UTAH LAKE

A number of significant issues in combination
lead to the degradation of Utah Lake and create
1ts highly impaired ecosystem.

nly addressing some
of these challenges
will not be sufficient
to restore Utah Lake.
Comprehensive restoration will
require that all factors degrad-
ing Utah Lake be addressed.
The following is a short over-
view of the most important
challenges. In a later section,
the solutions to address these
challenges will be described.

EVAPORATION
Evaporation is a significant
challenge on Utah Lake. The
Lake covers approximate-

ly 96,400 acres (150 square
miles). This large surface area,
combined with the shallow
depth of the Lake, means that
a high percentage of the Lake’s

LARGE SURFACE AREA,
SHALLOW DEPTH

Utah lake loses48-51% of
its water each year through
evaporation due to its vast
size, yet shallow depth.

water is lost to evaporation
every year. In fact, studies have
estimated that approximately
48-51% of the Lake is lost to
evaporation annually.

Considering the total volume
of the Lake is 294 .5 billion
gallons, this means between
141-150 billion gallons are lost
to evaporation annually. This

is particularly interesting con-
sidering that 49% of the Lake's
water volume flows through
the Jordan River annually. In
short, between evaporation and




For the past 150 years, nitrogen,
phosphorus, and other waste sol-
ids have been released into Utah
Lake. This nutrient pollution has
brought the Lake to hypereutro-
phic state leading to massive and

sometimes toxic algal blooms
and other challenges.

outflow, approximately 100% of
the lake water is emptied from
the Lake every year.

Water utilization practices and
changes to lake inflows have
resulted in significant lake
level fluctuations throughout
the year. In Utah's arid climate,
conservation of water and its
usage is critical to the state.

This is particularly important
considering population growth
projections and future water
consumption needs along the
Wasatch Front will increase
significantly in coming years.
Evaporation savings on Utah
Lake means more water for
Utah residents and for conser-
vation needs.

LOSS OF AQUATIC PLANTS
When the settler's arrived in
1847, there was an abundance
of littoral zone, emergent, and
shoreline plant species in and
around Utah Lake. These plants
anchored the lake bottom, pro-
cessed phosphorus and other
nutrients, and provided food
and habitat for fish, birds, and
terrestrial species.

The Lake’s shallow depth pro-
vided abundant light, nutrient

When settler's arrived in 1847,
there was an abundance of littoral
zone, emergent, and shoreline
plant species in and around Utah
Lake. Those plants have all but dis-
appeared as problematic invasive
plant and animal species have
been introduced to the ecosystem.

rich sediments, and prime
conditions for submerged plant
growth. Because of the gradual
slope of the lakebed and the
shallow depth, the littoral zone
extended across much of the
Lake. Emergent plants, such as
bulrush and cattails, provided
significant benefits from a
water quality standpoint. They
filter the water and process
high quantities of nutrients
that can lead to algal blooms.

BACKGROUND

Populations of native fish species
have been decimated due to
water quality issues, native plant
destruction, and introduction of
invasive fish species. Some native
species have disappeared entirely
from the lake, and the June sucker
is on the Endangered Species List.

In short, the healthy aquatic
plant communities helped
anchor the lake bottom during
wind/wave events, regulate nu-
trient levels, and control phy-
toplankton numbers. Loss of
aquatic plants meant the loss
of many natural mechanisms
for protecting water clarity and
quality. Restoring these plants
is an important component of
comprehensive restoration.

THE UTAH LAKE RESTORATION PROJECT - JANUARY 2018 18
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NATIVE FISH SPECIES
A healthy population of native
fish species will help resolve
some of Utah Lake’s issues and
provide an excellent
recreational resource for
anglers of all ages.

> NATIVE FISH SPECIES terrestrial species on Utah CARP

Littoral zone and emergent Lake are heavily reliant on As consumption of Bonneville
plants provide habitat for zoo- fish and other aquatic species. cutthroat trout began to exceed
plankton and native minnow Invertebrates, such as mol- the natural reproduction of
species that feed on phyto- lusks, also play a role in water fish in the Lake, early set-
planktons. Zooplankton breed, quality by filtering lake water. tlers introduced the common
seek protection, and thrive in The restoration of native fish carp to Utah Lake. Common
the cover of submerged plants and aquatic species is a major carp reproduce readily, and
in the Lake’s littoral zones. Tiny focus of the Utah Lake Resto- grow quickly, both viewed as
minnows, such as the least ration Project. desirable characteristics as a

chub, consume large quantities
of phytoplankton. In turn, larg-
er fish, rely on these smaller
species.

The June sucker, which is

indigenous only to Utah @
Lake, feed almost entirely on ‘
zooplankton. Other species, COMMON CARP

such as the native Bonneville
cutthroat trout feed on minnow
species and other endemic the 1800s when early
fish. In this way, zooplankton, settler's consumption
minnows, and other fish benefit of cutthroat trout
from a healthy food column exceeded the fish's

Carp were introduced

as a food source in

and lake ecosystem. Birds and natural reproduction.
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food source. Unfortunately, the
common carp are voracious
and consume large quantities
of submerged vegetation. This
submerged vegetation defines
larger littoral zones that hold
lake sediments in place and
provided shelter for the native
fish populations.

Eventually, carp populations
consumed so much submerged
vegetation that littoral zones
began to shrink and disappear
entirely. As the plants disap-
peared, the anchoring of the
lake bottom was lost, wind and
wave action more easily stirred
sediments, and phosphorus
and nitrogen levels increased.
Suspension and re-suspension

BACKGROUND

FACTS

NON-NATIVE FISH

Approximately 25 non-native fish species

have been introduced to Utah Lake.

BIO-MASSIVE CARP
It is estimated that carp account for
90% of the biomass in Utah Lake.

of the lake bottom caused the
Lake to become increasingly
unsuitable for plant life. Cloudy
water began to restrict light
penetration and severely limit
plant growth. Any plants that
successfully rooted in the lake
bottom were quickly consumed
by the explosion of carp popu-
lations. Today, the littoral zone
plants are virtually non-exis-

tent in the Lake and the vast
majority of the lake bottom is

a moonscape devoid of plant
life. This has led not only to the
loss of native plants, but also of
zooplankton, minnow, and the
June sucker that depend on
zooplankton as a food source.
Today, it is estimated that carp
account for 90% of the biomass
on Utah Lake.

BONNEVILLE
CUTTHROAT
Bonneville cutthroat
trout can still be found
in tributaries of Utah
Lake and in other parts
of the state. Invasive
species will be removed
and native species will
be brought back.

THE UTAH LAKE RESTORATION PROJECT - JANUARY 2018 20
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NUTRIENT LOADING
In spite of efforts to re-
duce nutrient loading,

Utah Lake is past the

tipping point where
the lake is able to
restore itself naturally
and will require our
intervention

NUTRIENT-LOADED
SEDIMENTS

For the past 150 years, nitrogen,
phosphorus, and other waste
solids have been released

into Utah Lake. The sources

of these nutrients have been
both untreated and treated
waste water, other waste solids,
fertilizer, agricultural biomass,
and other natural and man-
made sources, which are high
in nitrogen and phosphorus.

WASTEWATER
TREATMENT
Wastewater treatment
does a good job at
killing harmful bacteria
in water, but doesn't
remove all nutrients
from the wastewater. The
facilities around the lake
have greatly improved
pollution since the 1950’s,
but have also contributed
to nutrient loading.

21

The sediments on the bottom
of Utah Lake act as a “sink”
absorbing these nutrients in
high quantities. As a result,
and without the natural re-
moval of nutrients by littoral
zone plants, these sediments
become a persistent source of
high nutrient pollution levels
within the water column. Even
with the reduction of nutrients
from wastewater treatment fa-
cilities and other inflows, these

sediments contain sufficient
quantities of phosphorus and
other particulate to maintain
extremely high nutrient levels
in the waters of Utah Lake for
many years,,. In fact, the Lake is
no longer in a state where it can
sufficiently recover and restore
itself naturally. Currently, there
are approximately 12-22" inches
of these high nutrient loaded
sediments covering the bottom
of the 96,400 acre Utah Lake.




WASTE TREATMENT
FACILITIES NUTRIENT
LOADING

Treated water from waste
treatment facilities is the
primary source of nitrogen and
phosphorus being loaded into
Utah Lake according to several
studies. Current levels of phos-
phorus from waste treatment
facilities range from 1.31 mg/1
to 3.4 mg/L.

While this may not seem
significant, a report from the
Utah Division of Water Quality
estimated that phosphorus is
accumulating in the Lake at a

rate of approximately 214 tons
per year.

The accumulation of nitrogen
is occurring at much higher
levels. The accumulation of
phosphorus, nitrogen, and total
dissolved solids contribute to
unsustainable and unhealthy
nutrient loading within the
lake sediments.

Waste treatment facilities are
not the only source of nutri-
ents and total dissolved solids
in the Lake. Agricultural and
storm-water runoff, residential
fertilizers, and even ambient

NUTRIENT
SOURCES
Waste treatment
facilities, agricultural
and storm-water runoff,
residential fertilizers,
and even ambient dust
all contribute to the
addition of nutrients
in the Lake.

Wastewater
Effluent

Agricultural &
Storm Runoff

Residential
Fertilizers

Ambient
Dust

dust all contribute to the addi-
tion of nutrients in the Lake.
The high levels of phosphorus
and nitrogen in these nutri-
ent-loaded sediments is one of
the reasons why there has been
resistance to expensive waste
treatment facility upgrades.

Total nutrient loading is esti-
mated at 561,500 tons of Total
Dissolved Solids (TDS) within
the lake bottom. Not only do
these nutrient volumes signifi-
cantly degrade the Lake's water
quality, but they are also a ma-
jor causal factor in the Lake’s
dangerous algal blooms.
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WIND AND WAVE ACTION
Wind events are a reqular
occurrence on Utah Lake. It is
not unusual to have daily wind
events in the 11- to 26-mile-per-
hour range. Stronger winds ex-
ceeding 50 miles per hour can
occur weekly, or several times
per month, on the Lake. When a
wind event occurs, large waves
move across the shallow lake,
leading to disruption and near
constant re-suspension of the
lake bottom.

This re-suspension is sufficient
to cause significant turbidity

of the water column. In fact,
the high silt composition on
the lake bottom means that ap-
proximately 12 inches of “‘coze”
exists today with a more solid
‘muddy” bottom beneath.

FACTS

Increasing lake depth through dredg-
ing will decrease the amount of force
on the lake bottom.

Islands will reduce waves by 60%
across the Lake during a 26-mile-per-
hour wind event.

Turbidity of the Lake and
re-suspension of the lake
bottom means that suspend-
ed solids and nutrients in the
sediments are more able to
leach into the water column.
This is evident during wind
events when the color of the
lake water changes as silts,
mud, and total dissolved solids
are mixed into the water col-

umn. During these wind/wave
events nutrient levels increase.
Wind and wave action are not
the only source of turbidity on
Utah Lake. Due to the extreme-
ly shallow depth of the Lake,
turbidity can also be caused

by anthropogenic factors such
as boat prop-wash by boaters
recreating on the Lake.

BOATING
Wind and wave events
make boating on Utah
Lake dangerous. Our
comprehensive plan
for restoration will
reduce wind and wave
action and allow more
recreational opportu-
nities on the lake.
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MASSIVE ALGAL
BLOOMS

In recent years the algal blooms

in Utah Lake have worsened
to the point they have become
toxic or harmful to both people

and other species including fish

and birds. A comprehensive
restoration will reduce nutrient
loaded sedimentation which
leads to algal blooms.

ALGAL BLOOMS

The nutrients within the
sediments on the bottom of
Utah Lake leach into the water
column and result in high nu-

trient levels in the Lake’s water.

When the water inflows are al-
ready high in nutrients, leach-
ing of these sediments and
suspension of nutrient-loaded
sediments during wind/wave
events further exacerbates nu-

trient levels in the Lake’s water.

While the mechanisms that re-
sult in the release of nutrients
from loaded sediments can be
complex, it is sufficient to state
that nutrient levels far exceed
desirable levels in Utah Lake.

During the warm summer
months, these nutrients feed
the explosive growth of phyto-
planktons and cyanobacteri-

um, typically referred to as an
“algal bloom.” This is a result of
the combination of increased
nutrient levels, warmer water
temperatures, and the in-
creased photoperiod during the
summer months. While some
level of phytoplanktons exist

BACKGROUND

in natural aquatic systems, the

algal blooms on Utah Lake of-

ten grow out of control and pro-

duce toxic or harmful effects

on people, fish, birds, and other

aquatic, and terrestrial species.

In fact, it was even unusable in >
2017 for downstream irrigation.

A

TOXIC LEVELS
Marine cyanobacte-
ria-derived toxins
present in bright,

green algal blooms

have become a
concern to local
health officials.
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AGGRESSIVE INVASIVE FISH

There are many more non-native fish in Utah Lake than na-
tive species. Aggressive non-native predatory fish present a
significant challenge to native fish species. Previous efforts to
eliminate the harmful species have not been successful.

INVASIVE FISH SPECIES
Approximately 25 non-native
fish species have been intro-
duced to Utah Lake. While
many of these species have not
been successfully integrated,
carp, largemouth bass, white
bass, black bullhead, chan-

nel catfish, walleye, goldfish,
yellow perch, blue gill, black
crappie, and northern pike can
be found in the Lake today.

Many of these species are
invasive and several were
introduced illegally. As previ-
ously described, the dominant
fish species on Utah Lake is
the common carp which was
introduced to Utah Lake in
1883. Aggressive non-native

25

predatory fish present a signif-
icant challenge to native fish
species.

The loss of littoral zone and
emergent zone plants means
there is little cover for young
native fish species. This has
led to extirpation of several
species of native fish from
Utah Lake.

Today, of the Lake’s original
native fish species, only the

ENDANGERED SPECIES

threatened June sucker and
Utah sucker are found..

An important objective of the
Utah Lake Restoration Project
is restoration and recovery

of native fish species in Utah
Lake. This will require remov-
al of non-native fish species
and reintroduction of several
minnow species and cutthroat
trout still found in several
tributaries to Utah Lake and in
other parts of the state.

To recover the June sucker
and other native fish, mul-
tiple challenges will need

to be overcome, including
restoring water quality and
littoral plant communities,
increasing zooplankton
populations, and eradicat-
ing invasive fish.




CHALLENGES

IS RESTORATION
POSSIBLE?

After ten years of research,
specific to the needs of Utah
Lake, a comprehensive
restoration plan has been
created. The science-based
plan will support full resto-
ration of the Lake, plants,
and wildlife.

In short, it is not only possi-
ble--but it will also provide
Utah residents and visitors
with a beautiful environ-
ment in which to live, work,
and recreate.

INVASIVE FISH SPECIES
Carp are voracious and
consume large quantities
of submerged vegetation
that hold lake sediments in
place and provide shelter
for native fish populations.

EVAPORATION

Utah Lake loses half of its wa- LOSS OF AQUATIC
ter annually to evaporation. PLANTS
=4 Phragmites outcompetes
Q== ﬁ @ native plants and displac-
es native animals.

=

A BROKEN
ECOSYSTEM

A combination of challenging
factors have contributed to the
degradation of Utah Lake.

©,

ALGAL BLOOMS
High nutrient
levels combined
with warm tem-
peratures and
increased photo-
periods result in
unhealthy algal
blooms

WIND AND WAVE ACTION
Large waves lead to disrup-
tion and re-suspension of

NUTRIENT LOADED SEDIMENT the lake bottom.
Increased phosphorus and ni-
trogen in lakewater harm native
vegetation and wildlife.

WATER QUALITY CHALLENGES
Other challenges include poor water
flow and oxygenation, lake salinity,
increased temperature, e-coli, ice
flows, and shoreline erosion.
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INVASIVE PLANTS

Invasive plants are problem-
atic on Utah Lake including
Phragmites (Phragmites aus-
tralis), Russian olive, and Salt
cedar or Tamarisk. Phragmites
is a perennial, aggressive wet-
land grass that outcompetes
native plants and displaces
native animals.

Phragmites can grow to over
15 feet tall and create dense
monotypic stands with as
many as 20 plants per square
foot. These stands of phrag-
mites have replaced high-qual-
ity, complex communities of
native plants in many areas
around Utah Lake. Unlike na-
tive plant species, Phragmites

®

HARMFUL PLANTS
Invasive plant spe-
cies are problematic
to Utah Lake: Phrag-
mites (Phragmites
australis), Russian
olive, and Salt cedar
or Tamarisk.

Phragmites

Russian olive

Salt cedar
(Tamarisk)

provide little or no food and
shelter for Utah Lake endemic
wildlife. It also eliminates the
natural channels and intermit-
tent pool habitat that are need-
ed to support natural refuges,
nesting areas, and feeding
grounds for invertebrates, fish,
avian, and terrestrial species
along Utah Lake.



Phragmites also consume large
quantities of water. Current
estimates are that Phragmites
consume as much as 9.6 billion
gallons of water on Utah Lake
annually.

Phragmites can spread through
windblown seeds, soil transfer,
animals, extensive over-ground
stolon and underground rhi-
zomes, expanding by as much
as 30 feet per year. Phragmites’
dominance has resulted in
adverse ecological, economic,
and social impacts on the nat-
ural resources and utilization
of Utah Lake. Phragmites are
nearly impossible to remove by
hand, requiring extensive and
years-long professional removal
efforts. Removal and ongoing
control of Phragmites is an im-
portant component of The Utah
Lake Restoration Project.

Salt Cedar or Tamarisk, is a
deciduous shrub or small tree,
which can grow as high as

25 feet. Tamarisk can grow in
dense thickets and favor the
alkaline soils surrounding Utah
Lake. Tamarisk create saltier
soils, increase water alkalinity,
and, like Phragmites, consume
huge quantities of water. The
Utah Lake Commission has
identified the following neg-
ative effects by Tamarisk on
Utah Lake and its surrounding
environment:

+ Narrowing of waterways
+ Displacing native vegetation

+ Providing poor habitat for
livestock and wildlife

+ Increasing wildfire hazard

+ Limiting human and animal
use of the waterways

OUND

OTHER WATER-QUALITY
CHALLENGES

To be successful, the Utah
Lake Restoration Project will
also address other factors that
contribute to water-quality
degradation and the impair-
ment of Utah Lake.

These include poor water flow,
lake salinity, poor oxygenation,
heating of the upper water
column from high silt con-
tent, turbidity, e-coli, ice flows,
shoreline erosion, and other
challenges.

The solutions that will be
implemented as part of the
Utah Lake Restoration Project,
will address many of these
challenges and are specifi-
cally designed to restore the
water quality, water clarity, and
healthy natural function of
Utah Lake. =

ICE FLOWS
During the winter
months, ice builds up
on the lake and wind
pushes across result-
ing in massive buildup
of ice which damages
the shoreline.

O
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ERADICATION OF INVASIVE FISH

An average of three million pounds of carp have been netted
annually. After three to four years of netting, the Utah Lake
Commission has reported a slight decrease in 2017.

Lake Commission, empowered

EFFORTS TOIMPROVE i

County, Department of Natural
TH E LAKE Resources, and the State of
Utah, focused on and actively
engaged in improving the Lake.
Over the years there have been many ideas o
In 2009, the Commission
and efforts to restore Utah Lake, but never a adopted the Utah Lake Master

comprehensive solution to address all issues. Plan to promote multiple public
uses of the Lake, facilitate

orderly planning and develop-

ast proposals to re- A number of efforts have ment in and around the Lake,
store Utah Lake have been planned, funded, and/ and enable individual commis-
included: artificially or implemented that affect sion members to govern their
L raising or controlling improvements to Utah Lake. own areas surrounding the
the water level, allowing for the Founded in 2007, the Utah Lake.

development associated with
the lands adjacent to the Lake,
draining the Lake, draining
Provo and Goshen bays, creat-
ing an island for recreation or
residential development, con-
structing a causeway across
the Lake to open development
on the western shores, and en-
hancing wetlands associated
with the Lake.

RESTORATION
OF RIVERS

Efforts to restore Hobble
Creek and Provo Rivers will
complement plans to restore
the Lake.
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BACKGROUND

Utah Lake is surrounded with more
than 8,000 acres of invasive Phrag-
mites, which expands by more than
The immense Central Utah 0 10% per year.
Project (the “CUP”), designed
to deliver water resources for To eradicate this problematic plant,
municipal, industrial, irrigation, F ACTS increased funding is needed to
and instream flow mainte- facilitate aggressive phragmites
nance, is coming to completion treatment and removal.
and remaining projects are

being implemented.

With the completion of the CUP,
Utah Lake water levels could
become more stable. Nonethe-

less, issues related to use and carp removal, June sucker contemplated the compre-
development of these water recovery plans, restoring the hensive solutions needed to
resources and the role of Utah shoreline with controlled fully restore Utah Lake. Just as
Lake in the CUP have not been weed removal, Utah's Water- important, none of the projects
entirely resolved. shed Restoration Initiative, and proposals included mech-

delta restoration plans (e.g., anisms to fund the billions of
Other efforts are underway Hobble Creek and Provo River dollars needed to implement a
that assist in reducing negative deltas), and others. None of comprehensive restoration of
impacts to the Lake including: the projects or proposals Utah Lake. m

THE LAKE TODAY

Even with efforts toward improvement, Utah Lake remains

altered in its chemistry, turbidity, temperature, shoreline, and
fish life. While several pilot projects have been implemented
to begin addressing various challenges on Utah Lake,
significant new investment is needed to stop the downward
spiral of Utah Lake. There 1s a widespread awareness and
support for restoration of Utah Lake.
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" SOLUTIONS

The Utah Lake Restoration Project has developed solutions
to each of the challenges that have been identified. A
comprehensive restoration 1s possible.
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AN OVERVIEW OF PROPOSED SOLUTIONS
TO IDENTIFIED CHALLENGES

Q0000000

DREDGING

A foundation of Utah Lake restoration

ISLAND CREATION

Central to create conditions for water quality improvements

WIND & WAVES

Allows restoring of plants to anchor lake sediments

WATER QUALITY

Cleaner and clearer water is possible

INVASIVE PLANT SPECIES ERADICATION

Invasive plants removed to restore clarity and native plant restoration

NATIVE PLANT RESTORATION

Native vegetation secures the lake bottom and restore water clarity

NATIVE FISHERY RESTORATION

June sucker, Bonneville cutthroat trout, and a healthy food source

WILDLIFE HABITAT

Restored wildlife habitat is a benchmark of a restored lake

THE UTAH LAKE RESTORATION PROJECT - JANUARY 2018
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The Utahd.ake Restoration Project will li—kely become the largest
environmental restoration project in the country:.




he Utah Lake Res-
toration Project is a
master plan for Utah
Lake with the goal of
restoring and protecting the
Lake's ecosystem to a more
pristine, stable, and sustainable
condition.

This detailed proposal outlines
the Utah Lake Restoration Proj-
ect, including the engineering
and infrastructure aspects of
the project and the likely cost
associated with fully imple-
menting design, infrastructure,
engineering, and environmen-
tal restoration. This endeavor
is immense; ecologically,
economically, socially, and
politically complex; and, of
course, costly. The objective

of the Utah Lake Restoration

SOLUTIONS

Project is to implement these
solutions by bringing billions
of dollars in private funding,
effectuating and funding
dozens of studies, engineering,
and scientific research, as well
as implementing dredging and
other infrastructure improve-
ments needed to fully restore
Utah Lake. =

4

PRIVATELY FUNDED
The Utah Lake Restoration Project
will bring billions of dollars in pri-

vate funding for the comprehensive
restoration effort.
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SOLUTIONS

O

Dredging Utah Lake is a foundational
component of the Utah Lake Restoration Plan.

= redging allows the tion of water. Dredging will also
Lake to be deep- increase the water-holding
ened, removes capacity of the Lake by an esti-

- nutrient-loaded mated 405,000 acre feet.

sediments, and helps reduce

turbidity of the Lake bottom. There are four primary objec-

The objective will be to deepen tives to dredging:

the average depth of Utah Lake 1. Remove and encapsulate
by approximately three to six fine particulate from the top
feet, shape the underwater 8-12 inches of lake bottom.

topography of the Lake, and
provide channels to improve
the temperature and circula-

2. Remove nutrient-loaded
sediments comprising 12-22
inches of lake bottom.

3. Deepen the Lake to reduce
forces that can disturb the
Lake bottom.

4. Change the Lake bathym-
etry and create deep-water
channels to improve circula-
tion and cool the Lake water.

Our team has been working for
the last 10 years on complex
engineering and science to
dredge Utah Lake. Dredging
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SEDIMENT CONTROL

Though various types of

dredging exist, the Utah Lake

Restoration Project will only

use dredging that allows for
maximum control of the nutri-

37

ent-loaded sediment.

Dredging addresses major challenges and is necessary
to initiate the healing of Utah Lake.

Utah Lake requires more than
just simply removing three

to five feet of lake sediment
uniformly across the Lake. The
depth of dredging will vary

in different parts of the Lake
based on data gleaned from
core samples and on engineer-
ing design. Some areas may be

dredged by as little as 18 inch-
es, while other areas may be
dredged up to 90 feet to create
deep-water channels.

Our current engineering de-
signs suggest that to deep-
en the Lake to the desired
levels, upwards of one billion
cubic yards of material will

be dredged from the bottom
of Utah Lake as part of this
project.

It will take approximately 60
dredgers working 20 hours a
day, six days a week, for eight
years to move this quantity of
material. |

It will take...60
dredgers working
20 hours a day, six

days a week, for
eight years...



DETAILED
ANALYSIS

FINE PARTICULATE MATTER

The fine sediment currently found on
the top 12 inches of Utah Lake's bed
consists of particulate in the 150-200 mi-
cron range with some sediments being
finer. This fine particulate, resembling
baby powder when dried, can remain
suspended in the water column for long
periods of time. Additionally, this fine
sedimentation has a degree of chemical
attraction to phosphorus and nitrogen
molecules resulting in very high nutri-
ent levels which can be re-suspended
in even mild wind/wave events. This
not only leads to high nutrient levels
within the water column, but also blocks
light needed to re-establish littoral zone
plants. These plants, such as cattails
and lilies, as well as other indigenous
native plants and animals, are neces-
sary in restoring water clarity and a
balanced lake ecosystem.

Initial dredging will gather and encapsu-
late these fine sediments, placing them
into geofabric socks also known as “geo-
tubes.” Geotubes are used to encapsulate,
consolidate, and compress fine sedi-
ment which prevents re-suspension of
these solids within the water column. In
mining, the practice of “encapsulation”

SOLUTIONS

Designed by the
Army Corps of
Engineers, geotubes
encapsulaté, consol-
idate, ahe.compress
fine sediment. They
also provide the
outline shape of
islands.

or ‘capping” has proven an effective method to mitigate fine sediments while
adding structural integrity to the material below and above the geotubes. The
geotubes placed throughout Utah Lake will be used to create the outline shape
of islands and are an approved technology of the Army Corps of Engineers.

Geotubes are designed to allow water to seep out of the tube, yet retain the
sediments. The solids can be effectively encapsulated in a series of HDPE
Socks which contribute to the structural capacity of the islands. Once in place
and filled with the finer particulate matter, these tubes will be oriented to

be secured to the bottom of the Lake and to each other. The islands are then
formed by infilling the center of these geotubes. The annular configuration of
geotubes holds dredged material comprising the island core and above-grade
structures. A more detailed explanation of geotubes and island creation will
be described hereinafter on pages 141-150.
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NUTRIENT-LOADED SEDIMENTS

As described on page 21, approximately 12-22
inches of nutrient-loaded sediments reside on the
bottom of Utah Lake. One of the primary purposes
of dredging is to remove these sediments from the
lakebed. By removing nutrient-loaded sediments,
the levels of phosphorus and nitrogen will be sig-
nificantly reduced in the water column, especially
during high wind/wave events.

Lower nutrient levels in the water column lead to
fewer and less dramatic algal blooms during the
summer months. This not only improves water
quality, but also provides a healthier environment
for the restoration of submerged plants, fish, and
other aquatic species.

Through the removal of these sediments, natural nutrient
levels will be restored upon completion of dredging, instead
of waiting several decades for natural biological processes
to gradually remove nutrients from lakebed sediments.

Dredging of nutrient-loaded sediments is critical
to restoring Utah Lake. In other lakes where the
external nutrient loading from lake inflows has
been reduced, internal phosphorus loading still

prevents improvement in lake water quality. DEEPENING THE LAKE

Increasing lake depth via dredging removes nutrient-loaded
sediment and significantly limits the re-suspension of solids
during wind and wave events. Deepening the Lake creates
an exponential decrease in the amount of force exerted by
wave action which can disturb the bottom of the Lake. This

Because phosphorus can be released from sed-
iment from depths as low as 20 centimeters (8
inches), our team suggests dredging a minimum
of 22 inches to remove most phosphorus and
nitrogen-laced sediments.
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dynamic is explained in a 2007 report on Utah Lake
by the Utah Division of Environmental Quality,
“Water depth has a significant impact upon [Total
Dissolved Solids] levels with the lake environ-
ment because of the re-suspension of sediment
from shallow depth and wave action.” See page 28,
Utah Lake TDML-Loading Pollutant & Impairment
Assessment Report, UDEQ, 2007. Less suspen-
sion of mud and sediments leads to significantly
less nutrient pollution available within the water
column. This, in turn, means cleaner, clearer water,
and fewer algal blooms.

Deepening the Lake to an average of 12-13 feet deep
produces a more pronounced thermocline with wa-
ter strata at the lower level, allowing much cooler
temperatures than currently present on Utah Lake.
Projections by Aquaveo indicate that deepening the
Lake will decrease water temperatures on the lake
bottom. Cooler water is more dense and has sig-
nificantly lower natural movement, meaning less
movement. This is one of the reasons why deeper
lakes rarely have algal blooms.

LAKE BATHYMETRY AND
UNDERWATER CHANNELS

The final phase of dredging is designed to change
the lake bathymetry and create deep water chan-
nels to improve circulation and further cool the
lake water. The master dredging plan included in
the Utah Lake Restoration Project is designed to
improve lake hydrology. Using subsurface lake
modeling, changes to the contour of the lakebed
will provide variability in lake depth, increase the
diversity of underwater topography, and introduce
greater variability in the Lake’s thermocline. The
changes to lake bathymetry will also better support
cutthroat trout in the Lake and other diverse aquat-
ic species during the summer and fall months.

This plan will also include the dredging of
deep-water channels in the Lake anywhere from
60-90 feet deep. These deep-water channels
produce thermal cooling and create convection
currents in the Lake, improving circulation and
resulting in overall cooler water temperatures.
Improved circulation by natural convection is an
important component to improving water quality
and clarity. Cooler water temperatures and im-
proved water circulation help control algae levels.

SOLUTIONS

Deep-water channels also control wave size and
force. When waves traveling across the Lake cross
a deep-water channel, the energy of the wave
naturally dissipates and wave height is reduced.
Deep water channels also provide a place for
re-suspended solids to settle. At the depth of 60-90
feet, these dissolved solids are much less likely to
re-suspend and are stored at substantially colder
water temperatures where they will not contrib-
ute to algal blooms. In summary, the addition of
contouring and deep-water channels improves
water circulation, decreases water temperatures,
reduces the likelihood of algal blooms, reduces
wave action across the Lake, and provides a more
natural, and diverse environment for fish and
other aquatic species.

DREDGING AS A FOUNDATION
FOR ISLAND CREATION

Dredging of Utah Lake will require moving almost
one billion cubic yards of sediment over eight
years. Through the utilization of dredged materi-
als, islands will be formed that perform important
functions that are critical to restoring the Lake's
capacity to become a clear, vibrant resource to
Utah. To provide the right composition for the
formation of islands, mixing various sediments
from different parts of Utah Lake will be required.
Our team is experienced in the movement, place-
ment, and management of massive quantities of
ore, rock, sand, gravel, and other related materials.
A more detailed explanation of island creation is
provided on page 145-158

Dredging...will require
moving almost one billion
cubic yards of soil.
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ESTUARY
ISLANDS

Estuary islands will provide pro;
tection for shorelines and milegof
restored wetlands:They will also
provide prime wildlife and fish
habitat for native species.
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SOLUTIONS

ISLAND
CREATION

=

Creating islands with dredged material fills a
vital role in the restoration of Utah Lake.

sland creation and de- bottom to a clear, blue-green
sign play a critical role in lake ideal for fish, wildlife, and
restoring Utah Lake. Islands recreation.

created from dredged mate-
rial allow areas to be deepened
by as much as 90 feet. The for-
mation of islands allow for the

1. Estuary Islands. These is-
lands will provide protection
for shorelines and miles of
restored wetlands, wildlife

control of wind and reduction and fish habitat.

in wave height by up to 60%.

These conservation actions 2. Recreation Islands. These
will fundamentally transform islands will provide hun-
the Lake from a dirty, turbid dreds of docks, harbors,

campsites, and cabins across
thousands of acres. They cre-
ate a unique and affordable
recreational opportunity on
the Wasatch Front.

lake with a suspended mud

3. Development Islands. De-
signed for an unmatched,
environmentally sustainable

. \ waterfront lifestyle, these

= = _"_____/ I~ islands will be the economic
i ' ’gﬂ driver, providing billions of
e -= - ""_ - dollars for the conservation

gy — investments on Utah Lake. m
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DETAILED
ANALYSIS

There are millions of tons of nutrient-loaded
sediment across the bottom of Utah Lake, equat-
ing to two to three feet across 96,400 acres. Island
creation not only provides a place to retain the
sediment, but also provides a mechanism to fund
the multi-billion dollar dredging project.

The islands are the first step to restoring the
littoral zone plants that once defined the bottom
of Utah Lake. Dredging deepens the Lake, islands
decrease wave height and fetch length, and in
short, stop the continual re-suspension of sedi-
ment which maintains the virtual moonscape on
the lake bottom.

A critical part of any proposed dredging plan is
what you do with the material that is dredged.
Several previous ideas on dredging the Lake in-
cluded filling in Provo Bay or the entire south sec-
tion of the Lake with the dredged material. These
proposals would result in the loss of important
habitats for wildlife.

The Utah Lake Restoration Project takes the
dredged material and uses it to create islands
across the Lake designed to provide needed com-
ponents for lake restoration. These islands serve
multiple conservation purposes:

+ Wind/wave breaks

+ Added shoreline for shore, emergent, and littoral
zone plants

+ Estuary islands to protect critical littoral zones

+ New and enhanced habitat for aquatic and
terrestrial species

+ Improved recreation possibilities
+ Safe harbor during wind events and storms

+ Ice flow containment and breakup to protect
critical shoreline

+ Reduction in surface area and evaporation

+ Encapsulation and containment of nutri-
ent-loaded sediment

+ Funding source for conservation efforts to
restore and improve the Lake



SOLUTIONS

Islands effectively sequester both sludge and
nutrient loaded sediments.

Lake Restoration Solutions has worked with
Aquaveo, the leading marine modeling software
developer in the United States, to create a com-
puter model of the Lake that shows how wind
moves along the water and makes waves. This
wind model demonstrates that by placing islands
in strategic locations wave height on the Lake will
be significantly reduced. Strategic placement of
the islands reduces fetch length and significantly
reduces wave height and power. This creates a
safer and more enjoyable boating experience for
those recreating on the Lake, even during wind
and wave events.

New islands created by the Utah Lake Restoration
Project will create an additional 190 miles of
shoreline (250% increase over existing shoreline).
Areas surrounding the islands will include thou-
sands of acres of restored littoral zones planted
with beds of native submerged plants extending
up to 150 feet into the Lake. These littoral zones
will provide extensive fish habitat and waterfowl
areas. Islands will be planted with native trees,
shrubs, bushes, and grasses that will grow into >
natural forests for the public to explore and enjoy.

MAIN DEVELOPMENT ISLANDS
Affordable waterfront living
along the Wasatch Front

o

ESTUARY ISLANDS
Protects lake shorelines from ice

flows and allows restoration of
littoral zone plants
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ISLAND TYPES
There are three island types: estuary islands, rec-
reation islands, and development islands.

ESTUARY ISLANDS

Estuary, or barrier, islands are designed to protect
the inner shoreline of Utah Lake and allow for
the creation of an inner littoral zone restoration
area. Estuary islands act as a barrier to wind/
wave events as well as providing protection of the
shoreline from annual spring ice-flows. Barrier
Islands create 50 miles of additional shoreline
for birds, riparian plants, and provide a place for
littoral zone plants to become re-established. The
inner waterway between estuary islands and the
Lake'’s shoreline provides protected areas for na-
tive fish and utilization by waterfowl for feeding,
nesting, and brood rearing.

RECREATION ISLANDS

Recreation islands are sized and positioned to
act as wind and wave breaks across the Lake.
The arched configuration of islands also creates
protected boating areas during storms and wind/

ISLAND ROLES

STORE DREDGE MATERIAL

WIND WAVE ACTION

RESTORATION OF
SUBMERGED PLANTS

wave events. The role of islands to control wind
and wave action is covered in greater detail on
pages 47-52.

Recreation islands are designed to provide a more
diverse lake experience. Island design provides
protected bays and coves allowing boaters to
enjoy the Lake for longer periods of time through-
out the day. Each of the recreation islands will
have docks and other locations for shoring boats,
including sailboats. Beaches for playing, pavilions
for picnicking, overnight campgrounds, and cab-

[slands create 190
miles of new shoreline

for fish habitat and
recreation.



ins will provide retreats for supporting increased
recreational opportunities on the Lake. In total,
there will be several thousand acres of recreation-
al space to enjoy Utah Lake and its islands. New
islands designated as “recreation” or “estuary” will
be open to the public.

DEVELOPMENT ISLANDS

Development islands are designed for living,
working, and recreating in harmony with the
surrounding watershed. Housing, business, com-
mercial, and entertainment centers are focus-
es on community-centered living. Village and
townships provide quick access to parks, trails,
waterways, and other open space that traverse

SOLUTIONS

and intersect the islands. In fact, over 60% of the
combined acreage of the estuary, recreation, and
development islands is reserved for public access,
parks, recreation, and wildlife viewing habitats.
Each of the communities will be walkable, with
specific landscaping and design elements that
supports and extends the living space from home
and work for waterfront living. Development
islands will include significant design aspects
centered around protecting and preserving the
watershed and health of the Lake. In this way,
development islands support the continued resto-
ration and natural maintenance of the Lake. More
information on development islands is provided
on pages 191-206 hereinafter. m

ISLANDS WITH
A PURPOSE
Island size, shape and
placement are based on
computer models and
engineered for
conservation purposes.
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A SAILING DESTINATION

Addressing wind and wave action improves the safety and desirability of
_Utah Lake for sailing, paddleboarding, and other watersports.




SOLUTIONS

WIND &
WAVES

©

Controlling wind and wave action is critical for
restoring the water quality of Utah Lake.

ontrolling wind and
wave action is critical
for restoring the water
quality of Utah Lake.
By reducing the size and power
of waves, Utah Lake can trans-
form to a prime destination for
sailing, water sports, fishing,
and other recreational activi-
ties. It will also allow the Lake
to be restored to a clear water
lake, with tens of thousands of
acres of native aquatic littoral

zones, millions of Bonneville
cutthroat trout, June sucker,
minnow species, and support
the return of abundant wildlife
Species.

The placement of islands
across the Lake create safe
zones with little wind and
wave action during wind
events. This improves the
recreational experience and
potentially saves lives.
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DETAILED
ANALYSIS

HOW CONTROLLING WIND AND WAVE
ACTION HELPS UTAH LAKE

The Lake Restoration Solutions team has been
working on complex engineering and science for
reducing wind and wave action on Utah Lake for
the last 10 years. The engineering design provides
a high degree of predictability through scientific
modeling of the impact of island design on wind
and wave action.

Through scientific engineering and modeling the
size, shape, and placement of islands have been
designed to reduce wave height by 60% across the
Lake during a 26 mile-per-hour wind event. Wave
size will also be reduced to one foot or less during
a typical wind event across 85% of Utah Lake.
With a deepened lake through dredging, the force
exerted on the bottom of Utah Lake will decrease
by 500% as a result of this project.

WAVE HEIGHT AND INCREASED DEPTH
REDUCE ORBITAL VELOCITY

Reducing wave height and increasing lake depth
through dredging creates a direct linear reduc-
tion in the amount of force wave action exerts

on the lake bottom. When wave height is reduced
and lake depth is increased, the combined effect
produces a significant reduction in forces exerted
on the lake bottom by wave action thus reducing
sediment resuspension.

Improved depth and smaller
waves decrease forces on
lake bottom by 500%.

The following mathematical formula explains how
wave height and lake depth change the amount of
force (orbital velocity) which waves exert on the
lake bottom.

w = [(pH)/Tlekz sin(kx + wt)

The variables in the equation above are:

w = orbital velocity (m/s+1) (force)

H = wave height (m)

T = wave period (s)

k = wave number (2p/L; mt1)

L = wave length (m)

z = depth of observation (negative in the column; m)
w = radian wave frequency (2p/T; st1)

x is the point or place of observation of the wave
(m) in the horizontal direction

t is time of observation(s)

If wave period and wave number variables remain
constant, then the variables which affect the force
of waves are: (1) H-wave height; (2) z-depth of lake;
and (3) [ekz sin(kx + wt)]- which is the periodic
component of wave velocity and a function of the
natural variability of forces within a wave. The
periodic component has a (periodic) maximum

at values of x equal to 0.25L and 0.75L, between
crest and trough when the elevation of the water
surface is zero. The periodic component becomes
less influential to change orbital velocity as the
depth of the water increases.
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WAVE HEIGHT MODELING

Modeling conducted by Aquaveo in connection with the Utah Lake Restoration Project shows that during

a 26 mile-per-hour wind event, most of Utah Lake is covered in one to three foot waves in its current state.
The placement and shape of estuary, recreation, and development islands will reduce the wave height to six
inches or smaller on 62% of the Lake and 12 inches or smaller on 92% of the Lake.

In a 67 mile-per-hour wind event, 74% of Utah lake is covered in two to six foot waves in the absence of

1§ islands. With the addition of estuary, recreation, and development islands, during a 67 mile-per-hour wind

across 62% of the Lake.

WITHOUT ISLANDS

Wave Height, Ft
(26 mph SE wind)

- 140
- 1.25
- 1.09
0.94
- 0.79
- 0.63
- 0.48
- 0.33
- 017

0.02

WITH ISLANDS

Wave Height, Ft
(26 mph SE wind)

- 1.40
1.26
112
0.99
0.85
0.71
0.57
0.43
0.30
- 016

0.02

event, islands reduce wave height to 6 inches or less across 32% of the Lake and one to two foot waves
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ADDITIONAL

ISLAND BENEFITS
°

Islands do more than just reduce the size of
waves across the lake.

slands also create safe zones with

little wind and wave action during

wind events. This will improve

the recreational experience and
potentially save lives during extreme
wind events.

Utah Lake is notorious for its large
and dangerous swells during wind
events. Many boats have sunk and
unsuspecting boaters have drowned
in the lake. There are two primary
factors that contribute to the size of
waves on Utah lake during windy
days:

3

WAVE ENERGY

The deeper the lake bed, the less wave energy
reaches the bottom of the lake. The more shal-
low the lakebed, the more energy reaches the

bottom causing the waves to get taller and stir
up sediment at the bottom.

1. Size of the lake: Utah Lake is 24
miles long and 13 miles wide. This
is the third largest natural lake in
the western United States. The size
of the lake allows waves to grow
and pick up speed across vast areas
of water. The result is large and
fast-moving swells.

2. Depth of the lake: Utah Lake has an
average depth of 9 feet. Large waves
build much more easily and quickly
in shallow water. The force of these
waves travels more readily to the
lake bottom in shallow water.

D

WAVES
Five hundred

percent reduction
in orbital velocity

means dramatic
decrease in re-sus-
pension of bottom

sediments.

Create Safe
Zones

Lessen Wave
Height

Improve
Recreation

Save Lives




e

At an average depth of nine feet, the most import-
ant variables affecting the force of waves on the
lake bottom are H-wave height and z-depth of the
Lake. This shows that a decrease in wave height
produces a linear decrease in wave force, while in-
creased lake depth exponentially decreases wave
force. Because the Utah Lake Restoration Project
decreases both wave height and increases lake
depth, reduction in total forces on the lake bottom
are maximized.

Our current wind and wave models along with our
dredging projections, estimate that once dredging
has been completed and islands have been creat-

SOLUTIONS

ed, wave force on the lake bottom (orbital velocity)
will be reduced by 500% during a 26 mile-per-hour
wind event, producing little or no re-suspension
of the lake bottom, and dramatically improving
water clarity. The reduced orbital velocity is also

a degree of vertical force which is insufficient to
uproot or break aquatic plants as they are becom-
ing re-established along the lake bottom.

In summary, wind and wave action as well as lake
bottom disruption will be reduced as a result of
strategic dredging and island creation, thus allow-
ing the Lake to transform from a turbid eutrophic
state to a restored clear-water state. l
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SOLUTIONS

WATER
QUALITY

Restoring native wildlife and plant habitats is a
core objective of the Utah Lake Restoration Project.

= redging Utah Lake, address high nutrient inflows,
which includes remove invasive plant and
removing nutri- fish species, and restore native
- ent-loaded sedi- plant populations and biodi-
ments, deepening the lake, cre- versity. To accomplish this, the
ating islands, and controlling Utah Lake Restoration Project
wind and wave action, will will implement and fund the
form a foundation for a lake following:
with cleaner and clearer water. 1. Upgrades to waste water

These changes alone are treatment facilities

insufficient to fully restore and 2. Storm water capture, reten-
il e Sl DR ». st maintain water clarity and tion, and treatment
quality. It is important to also 3. Installing biofilters to clean

lake water

4. Improve circulation through
mechanical pumping

5. Improving oxygenation of
N lake water through aeration
". -
S %‘égi&i& : - systems
Y Tt T e — S 6. Littoral zone restoration
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NUTRIENT LOADING
Wastewater treatment
facilities contribute over
200 tons of phosphorus to
the lake annually.

The Utah Lake Restoration Project contemplates
using a world-class environmental team to ensure
success. The environmental team will be tasked
with multiple focused responsibilities: monitoring
upgrades to waste water treatment facilities, storm
water capture and treatment, installation, design
and operation of biofiltration systems, and lake
circulation design and improvement.

55

The environmental team will report directly
through the project manager and director levels to
assure all environmental concerns are addressed
at the very top of the Lake Restoration Solutions
team. Some of the work will be seasonal, providing
excellent employment opportunities for univer-
sity level students in the biology, environmental,
forestry, and recreation fields of study. m

o

NEW TECHNOLOGIES
Clean water and low nutrient outputs
are possible using new technologies
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DETAILED
ANALYSIS

WASTEWATER TREATMENT a ™ ? -
FACILITIES UPGRADES S nYp LS -

B BT T TR

Treated water from surrounding waste treat-
ment facilities is the primary source of nitro-
gen and phosphorus loaded into Utah Lake.
Current levels of phosphorus from waste
treatment facilities range from 1.31 mg/l to
3.4 mg/1. While this may not seem signifi-
cant at first, a report from the Utah Division
of Water Quality estimated that phosphorus
is accumulating in the lake at an alarming
rate of approximately 214 tons per year.

Phosphorus, nitrogen, and total dissolved
solids accumulation contribute to unsus-
tainable nutrient loading of lake sediments.
Upgrading the waste water treatment facili-
ties will reduce the levels of phosphorus and
nitrogen and is an important objective of the

Utah Lake Restoration Project. waste treatment facilities. The EPA is pushing for adoption of

new standards. This proposed standard, called Tier 1-N, dictates
The Environmental Protection Agency (EPA) that these facilities should limit their outflows to 0.1 mg/1 for total
recognizes the importance of minimiz- phosphorus and 10 mg/1 for total nitrogen. Water quality criteria
ing nitrogen, phosphorus, and other total for total phosphorus and total dissolved phosphorus in Utah Lake
dissolved solid levels in treated water from has been identified as .025 mg/l by the State of Utah.

Monitoring systems
requlate upgraded
treatment systems.
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BIOSWALES
Stormwater capture in
bioswales uses natural
systems to clean water

before it enters the Lake

STORM WATER CAPTURE, RETENTION,
AND TREATMENT

One of the sources of total dissolved solids, high
nutrient levels, and pollutants to Utah Lake is
inflows from storm water systems and run-off
water in areas surrounding the lake. Additionally,
farming and ranching interests are significant
contributors in discharging unfiltered waste

heavy in phosphorus, nitrogen, and biologics into
the lake. One of the objectives of the Utah Lake
Restoration Project is to improve filtration of water
before it enters the lake. Our team will work in
cooperation with cities and surrounding stake
holders to determine the primary sources of these
points of discharge. Through collaboration, we will
design, plan, fund, and build bioretention basins
and bioswales that will capture untreated water in
‘living drains” or biobasins. The drains and bioba-
sins create a point where specifically selected
plants and landscaping can clean the water before
it is discharged into rivers, drainage ditches, or
city storm water systems.

Aquatic plant species are
excellent water purifiers.



Bioswales and bioretention basins offer the
unique opportunity for some of the rain water to
replenish the groundwater supply which curb and
gutter storm water systems do not provide. As wa-
ter infiltrates through the biobasins, sediment and
pollutants are filtered. Micro-organisms on plant
roots and in the soil help to further break down
harmful pollutants before any excess water is
returned to the storm water system. These bioba-
sins use hardy, strong rooted perennials (grasses,
flowers, shrubs, and small trees) able to tolerate
both wet and dry conditions.

SOLUTIONS

All new developments created by Utah Lake Res-
toration Project will use this biobasin technology
exclusively on all storm water drain systems. No
water will be allowed to flow back into the lake
without having run through a series of bioswales
and into a bioretention basin before it flows back
into the lake. This philosophy will be built into all
development improvements and road systems.
In summary, execution of these filtration meth-
ods and practices will work in collaboration with
outlying communities to beneficially contribute to
the Utah Lake watershed.

LOW NUTRIENT INFLOWS
Investing to produce low nutrient
inflows are important to stop high
nutrient levels in the lake.

THE UTAH LAKE RESTORATION PROJECT - JANUARY 2018
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BIOFILTRATION

In a healthy ecosystem, wetlands that surround
lakes and river bottoms provide natural filtra-

tion that cleans water before entering the lake
ecosystem. These natural processes rely on native
plants, indigenous mollusks, and other aquatic
species found along the shoreline and in shallow
waters. In the case of Utah Lake, the ecosystem

is significantly out of balance due to invasive
species, such as Phragmites and carp, which have
overpopulated shorelines and effectively eliminat-
ed healthy riparian and littoral zone ecosystems.
Other challenges with high nutrient levels, total
dissolved solids, and sedimentation have also
contributed to poor water quality.

In the last 20 years, microbiologists have made
great progress in understanding and recreating
natural methodologies that are very efficient in
cleaning and treating wastewater, storm water,
aquaculture water, rivers, and lakes. Biofiltration
restores aquatic environments by utilizing a bio-
mimicry approach which harnesses the power of
nature for restoration and remediation. These bio-
filtration technologies utilize the latest science to
clean and restore water quality in impaired water
systems. The Utah Lake Restoration Project will
utilize a series of 40 biofilters around Utah Lake to
restore and improve the water quality. .

DETAILED ANALYSIS

Currently Utah Lake has an impaired ability to
filter phosphorus and nitrogen from its waters
because of water quality issues related to the high
quantity of Total Dissolved Solids (TDS) in the
lake. Also contributing heavily to the impaired wa-
ter quality are the proliferation of invasive species
in the lake and the lack of indigenous riparian,
emergent, and littoral zone plants.

The Utah Lake Restoration Project will utilize
biofiltration technology to help restore water qual-
ity in Utah Lake, creating a more balanced lake
ecosystem. The plan contemplates placement of
approximately forty bio-filter pumping stations
across the lake. These systems pump water onto
constructed streambeds in areas surrounding

the lake or on the islands of Utah Lake. These
pumping stations will each process up to 250,000
gallons per hour. As the water flows through these

specially-designed rivers, filtration media, gravels,
plants and aquatic life purify the water, balancing
nutrient and acidity levels and oxygenating the
water before it is returned to Utah Lake. These
systems will appear as a natural stream coming
out of rocks and running for % to % mile before it
returns to the lake.

The biofilters will treat the water for phosphorus,
nitrogen, acidity, depleted oxygen, total dissolved
solids, bacteria, and other water quality measures.
Biofiltration media will be constructed using natu-
ral materials. Filter media commonly used include



PADDLEBOARDING ON THE LAKE
Restored water quality improves
recreational experience for visitors to
the Lake.

shredded palm tree and or coconut husks. This
media retains sufficient air in their membranes
to float and support the growth of aquatic and
riparian zone plantings that naturally filter the
water. These bio-filters also function by removing
nutrients and pollutants through biofilm contact
with specially selected native plant roots. All of
the biofilter streambeds will be lined with poly-
uria-lined geofabric so that a minimum amount of
water is lost to the surrounding soils. Biofiltration
will also be provided through the reintroduction
of local mollusk populations native to Utah Lake.
These native mussels, snails, and clams have

™ ad [ ]
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ACHIEVABLE BIOFILTRATION TREATMENT
PERFORMANCE REDUCTIONS
Nutrient % Reduction
Total Phosphorus (TP)
Total Nitrogen (TN)

Total Suspended Solids (TSS)

65%
2%
61%
89%
89%
80%

Chemical Oxygen Demand (COD)
Biological Oxygen Demand (BOD)
Chlorophyll (Algae)

Clarity 72%

Metals 95%

Pathogens 90%

the remarkable ability to filter large bodies of
water in short periods of time. They will further
refine the water by filtering out suspended solids,
nutrients, and contaminants from the water.
Bringing properly sized and operated bio-filtration
improvements to the shoreline of Utah Lake will
help mitigate the years of damaging effluent and
out-of-balance invasive species. These forty bio-
filtration systems will provide ongoing cleaning
and improvement of water quality of Utah Lake for
many years to come.
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Biofilter pumps will be solar powered and will
have variable frequency drives that can output
from 100 gallons per minute up to 4,166 gallons
per minute with vital water quality monitoring

at the inlet and outlet for plant maintenance and
measuring other key performance indicators.
Biofilters will be semi-autonomous and will start-
up and shutdown via readings from the SCADA
water quality buoys spread around the lake close
to system inlets. Manual control of the system will
also be available to water managers. Biofilters will

utilize floating wetland technology, particularly
within sewage treatment trains or retro-fitted into
detention wetlands at the discharge areas. De-
tention basins can be designed larger and deeper,
effectively providing more storage and hydraulic
retention time (HRT). Wetlands can also be smaller
due to increased retention time, reducing operat-
ing costs, achieving best practice while effectively
treating phosphorus, nitrogen, suspended solids,
chemical oxygen demand, biological oxygen de-
mand, algae, and reducing heavy metals.

BIOFILTERS
40 biofilters surrounding the lake
will enhance beauty as well as
water quality.
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TWO-PHASED APPROACH

The Utah Lake Restoration Project includes a two-
phased approach to utilize biofiltration technology
to help restore Utah Lake’s water quality. The first
phase will happen early in the project and involve
developing bio-filtration space and facilities to
intercept the effluent for all townships and cities
currently discharging treated waste into Utah
Lake. Phase two will involve building bio-filtration
islands, which will effectively treat waste water
and provide a buffer zone between the Lake and
waste treatment facility outfalls.

Large farming and ranching interests in the
southern shorelines of Utah Lake will also be
approached early in the project to allow installa-
tion of biofiltration facilities at their ranches and
farms. This early work will allow a significant
reduction of rain driven chemical runoff from
orchard spraying and animal waste runoff into
the Lake.

Terrestrial habitat,
creation
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MECHANICAL PUMPING

Water circulation has been an ongoing challenge
for Utah Lake. Although the Lake receives healthy
inflows of water from a number of different tribu-
taries, such as the Provo and Spanish Fork Rivers,
it does little to create current within the Lake.
Most of the water from these inflows moves north
toward the Jordan River. This leaves the circula-
tion patterns on the south end of the Lake, includ-
ing Provo Bay and Goshen Bay, largely indepen-
dent from the circulation of the main body of the
Lake. As a result, portions to the south are largely
stagnant and have developed a degree of salinity.
One objective of the Utah Lake Restoration Project
is to improve water circulation throughout Utah
Lake through scientifically placed islands and me-
chanical pumping using the latest technologies.

DETAILED ANALYSIS

While the migration of water from Utah Lake’s
tributaries to its single outflow at the Jordan

River play a role in water circulation, most water
movement in the Lake is attributable to wind and
related shear forces. The predominant wind di-
rection on Utah Lake is the South-Southeast-East
approximately 40% of the time during the year and
approximately 50% of the time during the critical
summer season. See https://goo.gl/zimwcP, page 3.
Higher magnitude winds occur from the Northeast
for a significant portion of the season as well. As
previously discussed on pages 47-52, wind and
shear forces are problematic as they can lead to
sediment re-suspension and eventually contribute
to algal blooms.



As wind and wave patterns are reduced through
the placement of islands across the Lake, the
Utah Lake Restoration Project will place pumping
stations at strategic locations around the Lake to
ensure effective circulation. Selection of water
pumping sites will be based on a number of fac-
tors including lake bathymetry, dissolved oxygen,
nitrogen and phosphorus concentrations, algal
counts, land use practices, and nutrient loading
rates. See https.//goo.gl/mwdumU page 3.

Mechanical pumping will be utilized to improve
flow rates in and around the islands to ensure lake
water is guided from inflows to each part of the
Lake. Existing solar powered pumping systems
are designed to move up to 10,000 gallons of water
per minute. These systems will be installed to not
only improve lake circulation, but also provide
continuous aeration of lake water.

Through the use of solar-powered pumps, stag-
nant water will be drawn into a rotating mecha-

SOLUTIONS

nism. These mechanisms rapidly gyrate the water,
adding energy and movement, which is then re-
leased back into the lake body. Outflow from these
pumps increase water circulation, which assists
in fighting algal blooms and other water quality
problems. The mixing action can promote diatom
and zooplankton while at the same time limiting
and preventing impacts from blue-green algae.

The placement of these pumps will be determined
using advanced computer modeling of the Lake
to determine where water quality deficits have
developed, or could develop, as a result of poor
water circulation. Where these problem areas

are identified, mechanical pumping stations

will be placed in collaboration with the strategic
placement and design of islands, deep water
channels, and changes in the lake’s bathymetry
to improve lake circulation. One specific objective
of these designs is to move inflowing waters to
the southern parts of the Lake. Circulation models
also anticipate moving stagnant waters into

SOLARBEE SET FOR HYPOLIMNETIC CIRCULATION

Direct flow from the SolarBee mixes
with surface water from the induced flow
and falls to the thermocline.

Warm, Less
Dense Epilimnion

Induced
Flow
AERATION AND
CIRCULATION
Aeration and circula-
tion improve water
quality and controls
TSS levels.
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Low oxygen leads to poor

o

LOW OXYGEN

water quality and high
algal levels, aeration in
adjacent waters produce
clear, clean waters

biofiltration areas, where lake water will be filtered
and cleansed. These treated waters can then be
circulated throughout the rest of the Lake through
mechanical pumping and additional means, such
as rerouting of inflows from natural springs, to
create circulation from the southern end of the
Lake northward toward the Jordan River outflow.

As water circulation throughout the Lake is
increased, water quality will improve rapidly.
Many of these water quality improvements will

be implemented within the first ten years of the
Utah Lake Restoration Project. This will allow the
Lake to increase in water clarity, water quality,
and to support abundant native plant and aquatic
life. By utilizing carefully modeled and engineered
circulation patterns, not only can circulation
around Utah Lake be ensured, but it can be im-
proved to address areas of poor water movement,
stagnation, and salinity. In short, the Utah Lake
Restoration Project will improve water quality by
designed water circulation and mechanical pump-
ing of water in and around the Lake. Mechanical
pumping assists the littoral plants as a biofiltra-
tion mechanism. The combination of both are
designed to ensure water quality improvements.

AERATION
A vital part of restoring water quality on Utah Lake
is addressing deficits of dissolved oxygen. Water



circulation on portions of Utah Lake, particularly
the southern end of the Lake, has led to stagnant,
even slightly saline water. When water sits and
stagnates, it loses oxygen and becomes increas-
ingly acidic thru an anaerobic bacterial process.
This process releases toxic gases, including
hydrogen sulfide, ammonia, carbon dioxide, and
methane, into the water column. These gases are
all toxic to fish, insects, and beneficial bacteria.

The Project will utilize aeration systems in por-
tions of Utah Lake to address these challenges.
Aeration systems increase dissolved oxygen in
the water column and improve water quality.
Aeration systems gently turn water over and bring
foul-smelling gases to the surface where they are

OXYGEN REQUIREMENTS

mg/L

SOLUTIONS

neutralized by the atmosphere. Oxygenated sur-
face water is circulated back to the bottom where
the oxygen kills anaerobic bacteria that produce
toxic gases. These processes also circulate blue-
green algae, which only grow on the Lake surface,
to the bottom of the Lake where it cannot bloom
due to lack of sunlight. By oxygenating the prob-
lem areas, iron and manganese oxide sink and are
deposited on the lake bottom. Both oxidized iron
and manganese are useful in binding phospho-
rus and nitrogen to the bottom sediment making
them no longer available for algal growth.

The Project will use solar powered subsurface
aeration systems to increase dissolved oxygen
levels in the Lake to a minimum of 7 milligrams
per liter (mg/L). Currently, Utah Lake dissolved
oxygen levels have been measured at levels as
low as 3 mg/L . Scientific studies suggest that 4-5
mg/L of dissolved oxygen is the minimum amount
that will support a large, diverse fish population.
The dissolved oxygen level in great fishing waters
generally averages about 9 mg/L while good trout
habitat maintains at least 7 mg/L.

The Project will use 3D modeling simulations

and water testing during the design phase to see
where dissolved oxygen issues will likely be. Solar
aeration stations will be designed and imple-
mented in the deeper channels where testing
shows there is a need for greater oxygenation.
These stations will be electronically controlled
with variable frequency drive compressor stations
that vary aeration based off measurements taken
from water quality test buoys scattered around
the Lake. Early indications are that at least 23 of
these systems will be needed around the Lake to
control stratification and historical blue-green
algae problem areas. These systems will also help
maintain healthy dissolved oxygen levels for the
native fishery. As the littoral zone becomes re-es-
tablished, dissolved levels from littoral zone plants
will make up the majority of the dissolved oxygen
needs of the Lake. At that point, it is anticipated
that pumps will only run in the late fall to main-
tain desired oxygen levels.
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INVASIVE
PLANT SPECIES

ERADICATION
2,

Invasive plant species surrounding the Lake
shore and lower river channels are primarily
Phragmites, Tamarisk, and Russian olive.

hese plants nega-
tively impact the
native environment
by consuming large
quantities of water, displac-
ing native plant species, and
altering the natural landscapes
on and around Utah Lake. An
important objective of the Utah
Lake Restoration Project is to
eradicate Phragmites, Tama-
risk, and Russian olive from
Utah Lake and as needed in the
surrounding watershed.

It is important to note that
efforts made by current state
and non-governmental agen-
cies include many aspects that
demonstrate eradication of
invasive species is possible. We
applaud these efforts and are
committed to providing addi-
tional funding and resources
to ensure program success and
the ultimate return of indige-
nous plant species along the
shores of Utah Lake.
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PHRAGMITES

Phragmites are the most visible, invasive species
on Utah Lake. Mapping shows that Phragmites
surround the vast majority of the 76-mile lake
shoreline and cover approximately 8,000 acres in
and around the lake shore. Phragmites consume
many times the amount of water of native cattails.
They also cover larger sections of the shoreline
and at much higher densities. This means that
Phragmites dominance is highly adverse from a
water conservation standpoint. Phragmites stands

also expand rapidly. In fact current estimates
suggest that Phragmites multiply at a rate of 10% of
their current population annually. Current control
efforts treat approximately 7% of the total popu-
lation, meaning the annual growth rate exceeds
current control rates.

The Utah Lake Restoration Plan will fund a multi-
year removal plan which will treat all 8,000 + acres
each year. We anticipate that initial removal will
require 3 to 5 years of treatment to effectively

2

INVASIVE GIANT
Phragmites can grow to over 15 feet
tall and create dense monotypic
stands with as many as 20 plants per
square foot.
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SHORELINE OVERGROWTH

A bird’s-eye view reveals how perva-
sive Phragmites have become. Efforts
to return indigenous plants to the
Lake's shoreline will be expensive and
ongoing.

eliminate Phragmites from Utah lake. Ongoing
maintenance to ensure new stands do not become
re-established will likely be required for as many
as 20 years.

There are significant benefits to removing Phrag-
mites from Utah Lake and surrounding areas.

The best available science indicates that phrag-
mites consume 1,198,863 gallons of water per acre
annually. Mapping by the Utah Lake Commission
indicates that there are 8,000 acres of Phrag-
mites on Utah Lake. This means that Utah Lake
Phragmites stands consume 9.61 billion gallons of
water annually. By comparison if the total area of
Phragmites were replaced with a natural acreage
of indigenous cattails and lilies, water consump-
tion would be 471 million gallons annually. This is
a reduction of 96% and a saving of 9 billion gallons
of water annually.

Just as importantly, once Phragmites are con-
trolled, native species which provide food, cover,
and breeding habitats for fish, birds, and oth-

UTAH LAKE || Mapped Phramites

Phragmites on Land Ownershi
Utah Lake =
Shoreline -

er wildlife can be restored. These native plant
species not only consume less water and provide
habitat for native wildlife, they also remove phos-
phorus and nitrogen from the water column and
filter other dissolved solids. Restoration of these
native plant species thus provides natural mech-
anisms to restore water quality in and around the
Lake that is not provided by Phragmites.

As Phragmites are replaced with
native plants, water consumption
can be reduced by up to 96%.
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SALTY LEAVES
6 Tamarisk leaves are high in sodium. When their

leaves are dropped, salt levels in the soil increase,

making it difficult to support other plants.

TAMARISK

Tamarisk are another invasive plant species

that can choke out and kill other native plants.
Tamarisk produce salt laden leaves that drop to
the ground and kill native plants and increase
soil salinity. Tamarisk can be controlled by the
Tamarisk beetle, (Diorhabda carinulata) which
consumes the tree leaves. Once the Tamarisk has
been defoliated it can no longer photosynthesize
and eventually the tree dies.

Estimates vary on how long this process takes
and can depend on several variables including the

vigor of the tree and the duration of exposure to
the beetle. Recent observations indicate that a tree
can be killed within 3-5 years of beetle infestation.

Full eradication requires the trees to be cut down
and roots removed mechanically and burned. Cur-
rently the Utah Department of Natural Resources
is using the Tamarisk Beetle to kill Tamarisk Trees
in southern Utah. The Utah Lake Restoration Proj-
ect will work with the Utah Department of Natural
Resources to plan and fund all Tamarisk removal
around Utah Lake.



RUSSIAN OLIVE

Russian olive historically was considered a hor-
ticulturally desirable species, and the tree is still
sold in Utah nurseries. In the past, it was promot-
ed by various agencies for conservation plantings
in cropland environments. Some of these same
agencies are now spending large sums of money
to control it. While the popularity of using Russian
olive as a drought-resistant planting option is not
as common as it was in the past, public education
is still needed to raise awareness of the tree’s
invasive shortcomings.

It is extremely difficult to restore native plant
communities in areas where Russian olive has be-
come well established. The first priority in Russian

SOLUTIONS

olive management is to prevent establishment by
monitoring its first appearance. Small infestations
on otherwise healthy sites should be treated early,
and the goal should be to remove all trees. Treat-
ments such as cutting, mechanical removal, and
burning, can effectively eliminate aboveground
growth but do little to control the root system and
limit expansion. Control efforts must also focus
on the destruction of the root system. It may be
impractical to eradicate Russian olive complete-
ly when growing in larger infestations, but trees
should be controlled to the best extent possible.
Russian olive management requires a long-term
commitment that will likely take 3 or more con-
secutive years of treatment followed by years of
monitoring for regrowth. M

LONG-TERM
COMMITMENT
Russian olive man-
agement will likely
take three years of
treatment followed
by years of monitor-
ing for regrowth.
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NATIVE PLANT
RESTORATION

Restoration of native vegetation, including
littoral, emergent, and riparian zones, is a core
objective of the Utah Lake Restoration Project.

nce re-established, the freshwater shoreline in and
vegetative commu- around Utah Lake include three
nities will naturally separate zones of vegetation:

manage nitrogen
and phosphorus levels, secure
the lake bottom, and play a
significant role in naturally 3. Riparian
maintaining water quality.

1. Littoral

2. Emergent

Re-establishing native plant

Following the removal of communities will restore
Phragmites and other invasive many of the natural filtering,
species, restoration of native oxygenation, and water quality
plants can begin in earnest. improvements that original-

Native plant communities of ly existed in the Utah Lake
ecosystem. They will provide
important native habitats for
abundant populations of zoo-
plankton, invertebrates, fish,
birds, and terrestrial species as
well as restore a healthy, and
intact food chain. These nat-
ural processes will signal the
implementation of some of the
final conservation solutions to
Utah Lake. =
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DETAILED
ANALYSIS

LITTORAL ZONE

The shallow nearshore waters of the lake
where light penetrates all the way to the
bottom, is referred to as the littoral zone. The
littoral zone is considered the most diverse
and abundant biological community in lakes.
This community is made up of plants, or
macrophytes, rooted in the sediments that
receive enough light to grow. The original lit-
toral zone of Utah Lake was expansive, cov-
ering much of the lake bottom. It anchored
bottom sediments to provide water clarity
and functioned to oxygenate and clean the
lake water while also processing nutrients.
Loss of the littoral zone by invasive carp
species was a precipitating factor in the
degradation of the lake.

The diversity of plants and the structure
in the littoral zone attract an abundance of

aquatic life. Many aquatic invertebrates and food for many fish, live on and feed among the plants and sediments. The
zooplankton originate here. Minnows and endangered June sucker relies on the littoral zone for cover and feeding.
young fish feed and find protection from In short, the littoral zone plays a vital role in establishing a healthy food
predators. Aquatic insects, which provide chain and for restoring native fish populations in Utah Lake.

The littoral zone i1s
consldered the most
diverse and abundant
biological community
in lakes.
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The environmental team will work in collabora-
tion with the Utah Department of Natural Re-
sources to determine desirable plant species to

be used in littoral zone restoration and to secure
seed, seedlings, and density rates for planting.

As water clarity improves, the increased depth of
sunlight penetration will effectively extend the lit-
toral zone further and further into the lake. Water
clarity to 15 feet deep is possible with a properly
balanced lake ecosystem.

As part of the initial littoral zone restoration proj-
ect, Lake Restoration Solutions will grow mats of
littoral zone plants. These mats will be secured to
the lake bottom during the early stages of littoral

SOLUTIONS

zone restoration. Additionally, as discussed in
pages 47-52, reduced orbital velocity as a result of
dredging and island creation means that littoral
zone plants can become re-established without
being uprooted during normally occurring wind
and wave events. Areas between the lake shore-
line and estuary islands will be prime targets for
initial littoral zone restoration due to controlled
wind/wave action, water clarity and depth, and
accessibility. Ongoing planting and expansion of
littoral zones will occur over several years. Even-
tually, littoral zone expansion will occur naturally
through normal biological processes as water
quality, water clarity, and other conditions in the
lake continue to improve.

INTERCONNECTED
LIFE
Minnow species rely on
healthy littoral zones
and are an important
part of a restored lake
food chain.
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NATIVE PLANTS
Cattails, bullrush,
and emergent spe-
cies conserve and
clean lake water.

EMERGENT ZONE

The emergent zone is the area between the littoral
and riparian zones. Defined by emergent plants,
such as cattails and bulrush, the native vegeta-
tion of the emergent zone is highly effective at
managing nutrients flowing into the lake from
surrounding areas. Sometimes referred to as the
“upper littoral zone," this area is typically defined

77

by shallower waters and a higher penetration of
sunlight needed to support emergent zone plants.
Emergent plants are rooted in lake bottom sedi-
ments with leaves, stems, and reproductive parts
above the water surface. Emergent plants break
wave energy, reduce shoreline erosion, and help
anchor shallow water sediments. The emergent
zone provides important transitional habitats for

A rich plant biodiversity
1s critical to a healthy lake.
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fish, amphibians, reptiles, mammal, and bird spe- plants strip nutrients from the water and use them
cies moving to and from areas for feeding, living, for growth. Biotic uptake accounts for short-term
and breeding in littoral and riparian zones. removal of phosphorus, while sorption onto soil

particles and accretion from wetland soils account

The Utah Lake Restoration Project will restore for long-term removal. See https:/goo.gl/g2EgAo.

emergent zone plants to Utah Lake. These plants The environmental team will work with the Utah
are vitally important to reduce turbidity and nutri- Department of Natural Resources to finalize desired
ent cycling that can lead to algal blooms. Cattails emergent zone plants, densities, and desired com-
and bulrush sequester phosphorus, an essential bination for restoration areas along the shoreline of
nutrient in algal blooms. Some emergent zone Utah Lake and on lake islands.

(7]

WATER LILIES

Water lilies provide beautiful
and important habitat for
native species

LAKE INSECTS
Lake insects thrive in native
plant communities

THE UTAH LAKE RESTORATION PROJECT - JANUARY 2018 78



Riparian zones are an
Important component
of healthy ecological
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RIPARIAN ZONE

Riparian areas are the narrow body of land adja-
cent to streams, rivers, lakes, ponds, and wetlands.
They are characterized by plant species that

are adapted to a wet environment. In arid and
semi-arid climates, such as Utah, riparian areas
can usually be clearly distinguished as the green
areas adjacent to streams, rivers, and lakes.

While riparian areas are relatively small, they are
an extremely important component of healthy
watersheds and ecological function. Riparian
zones provide critical habitat for wildlife, act as
buffers between upland areas and open water, and
they help filter pollutants such as excess nutri-
ents and sediment. Healthy riparian vegetation
reduces shoreline erosion and maintains stable
shore geomorphology. Riparian vegetation provide
shade throughout the day which lowers water
temperatures in areas around the lake. Riparian
zones provide extremely important habitat to
shore birds and terrestrial species.

Estuary islands are extremely important to ripari-
an zone plant restoration. They provide a physical
boundary to break up wind and wave action that
could disrupt delicate plants during early phases

function.

of restoration. They also provide a boundary
where ice flows can pile up which can be partic-
ularly destructive to vegetation. In some years,
these ice flows have grown to 30 feet tall.

The environmental team will work in collabora-
tion with the Utah Department of Natural Resourc-
es to determine desirable plant species to be used
in riparian zone restoration and to secure seed,
seedlings, and density rates for planting. =



UTAH LAKE NATIVE LITTORAL, EMERGENT SOLUTIONS
AND RIPARIAN ZONE PLANT SPECIES

Scientific name Common name Riparian, me\ggé% Emergent, | Littoral,
Argentina anserina silverweed cinquefoil 4

Berula erecta cutleaf waterparsnip 4

Bidens cernua nodding beggartick 7

Carex nebrascensis Nebraska sedge 4

Distichlis spicata saltgrass 4 4

Eleocharis palustris common spikerush 4 4

Elodea canadensis Canadian waterweed 7
Epilobium ciliatum ssp. ciliatum fringed willowherb 4

Glaux maritima sea milkwort 7

Hordeum jubatum foxtail barley 4 4

Iva axillaris povertyweed 4

Juncus balticus mountain rush 7

Lemna minor common duckweed 4

Lycopus asper rough bugleweed 4 4

Myriophyllum verticillatum whorl-leaf watermilfoil 4

Panicum capillare witchgrass 4

Polygonum amphibium water knotweed 4

Polygonum amphibium var. emersum longroot smartweed 4

Populus fremontii Fremont cottonwood 4

Potamogeton foliosus leafy pondweed 7
Potamogeton praelongus whitestem pondweed 4
Ranunculus cymbalaria alkali buttercup 4

Ranunculus trichophyllus var. trichophyllus | threadleaf crowfoot

Ruppia maritima widgeongrass 4
Salix amygdaloides peachleaf willow 4

Salix exigua narrowleaf willow 4

Schoenoplectus acutus hardstem bulrush 4
Schoenoplectus americanus chairmaker's bulrush 4 4
Schoenoplectus tabernaemontani softstem bulrush 4

Spirodela polyrhiza common duckmeat 4

Sporobolus airoides alkali sacaton 4

Stuckenia filiformis ssp. filiformis fineleaf pondweed 4
Stuckenia filiformis ssp. filiformis fineleaf pondweed 4
Stuckenia pectinata sago pondweed 4
Suaeda calceoliformis Pursh seepweed 4

Symphyotrichum ciliatum rayless alkali aster 4

Symphyotrichum frondosum short-rayed alkali aster

Typha latifolia broadleaf cattail 4

Utricularia minor lesser bladderwort 7
Xanthium strumarium rough cocklebur 4 4

Zannichellia palustris horned pondweed 4

Source: Brotherson, Jack D. 1981. Aquatic and semiaquatic vegetation of Utah Lake and its bays. Great Basin Naturalist Memoirs. 5(5):68-84.

Available at: http://scholarsarchive byu.edu/gbnm/vol5/issl/5

\Riparian= all Lowland Woody native species listed in Brotherson (1981)

,Marsh= all Bulrush-Cattail Marsh native species listed in Brotherson (1981)

,Wet meadow= all Semi-aquatic Herbaceous Meadow and Grass-Rush-Sedge Meadow native species listed in Brotherson (1981)
,Submerged= Species listed in Brotherson (1981) with a submerged growth habit
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/ ng June sucker requires

ealthy littoral zone and zoo-
plankton restoration

" BONNEVILLE
CUTTHROAT TROUT

Imprové'd water quality, water

aeration, and.water circulation

means lake wéter can support
indigenoué trout

. MINNOW

";‘ SPECIES

Minnc\)_w__s consume phytoplankton
and restore a balanced, productive
food chain for a wide variety of
wildlife
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NATIVE FISHERY
RESTORATION

@

The recovery of June sucker, Bonneville cutthroat
trout, and other fish to Utah Lake is possible
through conservation investments to restore

healthy, vibrant waters and habitat to the Lake.

estoration of native
fish and other aquatic
species is a core

- objective of the Utah

3. Restoring minnow species
no longer found in the lake
but still existing in tributar-
ies. These minnow species

Lake Restoration Project. In-
cluded as part of this objective
will be the following:

1. Fully recovering the threat-
ened June sucker,

2. Restoring abundant popula-
tions of Bonneville cutthroat
trout for which the lake was

once famous, and

THE UTAH LAKE RESTORATION PROJECT - JANUARY 2018

are not only valuable as an
endemic species, but also in
restoring water quality and
playing an important role
in the lake’s food chain for
fish and other dependent
wildlife. mm
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DETAILED
ANALYSIS

Utah Lake has tremendous potential as a na-
tive fishery for the state of Utah. When set-
tlers first arrived in the valley, the Bonneville
cutthroat trout numbered in the hundreds of
thousands. The size and quality of these fish
were remarkable, with some fish measuring
between 36 inches to 48 inches long. These
early pioneers relied heavily on these trout
for subsistence.

Restoring native fisheries will require sig-
nificant investment. To be successful, it will
require restoring water quality, native fish
habitats, and the natural food chain within
the lake. As aquatic plant species become
re-established and as the June sucker, min-
now species, and Bonneville cutthroat trout
increase in numbers, they will help improve
the lake’s water quality. Our long-term ob-
jective is for aquatic plant and fish native to
Utah Lake to become self-sustaining.

Recovery of native fish in Utah Lake will require the following
conservation investment:

1. Removal of all carp from the lake
2. Removal of all predatory species from the lake

3. Establishing a world-class fish hatchery specifically designed
for native fish recovery

4. Establishing a nursery population within Provo Bay of
approximately 50,000 June sucker

5. Re-establishing aquatic plants including tens of thousands
of acres of native shore plants and littoral zone plants

6. Re-establishing healthy populations of zooplankton, native
insects, invertebrates, bi-valves, and other components within
the lake’s food chain

7. Restoring minnow species, June sucker, and Bonneville
cutthroat trout
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REMOVAL OF CARP AND

PREDATORY FISH SPECIES

Removal of carp and predatory fish is an import-
ant step both for restoring littoral zone plants and
for restoring native fish species to the lake. Carp
are largely responsible for decimating littoral
zones on the lake that are needed to secure the
lake bottom sediments, process nutrients in lake
sediments, and control algae levels on the lake.
Healthy littoral zones are also required for thriving
populations of zooplankton on which June sucker
rely as a food source.

Restoring littoral zone plants will not be practical
until carp are eradicated entirely from Utah Lake.
Carp are extremely difficult to control. They are
flexible, opportunistic feeders that can switch to
alternative diets according to food availability.
They can survive in higher water temperatures
and at lower oxygenation levels. They are also

SOLUTIONS

highly prolific breeders, laying hundreds of thou-
sands of eggs, and maturing in just a few years.
92% of all fish in Utah Lake are the common carp.

Predatory fish, including Northern pike, white
bass, and walleye have also wreaked havoc on the
native fish species in the lake. In fact, of the origi-
nal 13 native fish species in the lake, only the June
sucker and Utah sucker are still found in the lake.
Once numbering over one million fish, June suck-
er only accounts for 0.03% of fish in Utah Lake.

In recent years, June sucker have successfully

spawned in the Provo River and Utah Lake tribu-

taries. Unfortunately, almost 100% of the fry from

spawning have been consumed by predatory fish

before they could return to the lake and establish

new generations of June sucker in the lake. This

is yet another reason why the removal of predato- >
ry fish is so important for native fish recovery.

COMMON CARP
92% of all fish in Utah Lake are
the common carp.

NECESSARY REMOVAL
Restoring littoral zone plants will
not be practical until carp are
eradicated from Utah Lake.
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PROVO BAY
Provo Bay will be restored
as a proof of concept
of the larger Utah Lake
recovery program.

FISH HATCHERY

The Utah Lake Restoration Project has prioritized
the construction of a 140,000 square feet world-
class fish hatchery on the shores of Provo Bay.
The hatchery will be the biggest in the continental
United States and will be used to re-establish not
only June sucker, but also Bonneville cutthroat
trout and seven species of minnow. Minnow spe-
cies which will be recovered include least chub,
Bonneville redside shiner, mottled sculpin, north-

ern and southern Leatherside chub, longnose
dace, and speckled dace. Placement of Junes-
Sucker in the fish hatchery will be conducted in
coordination with the restoration of Provo Bay.

PROVO BAY RESTORATION

Provo Bay will be restored as a proof of concept of
the larger Utah Lake recovery program. The initial
step will be to isolate Provo Bay from the rest of
Utah Lake. Once all control measures are in place to
isolate Provo Bay, the Utah Lake Restoration Project
will net all possible June sucker from the Provo Bay
and its tributaries. This netting process will also
help to remove carp and predatory fish. Upon place-
ment of netted June sucker in fish hatcheries, the
bay will be treated with Rotenone (cir..5000 acres

of Provo Bay). Timing of the netting and Rotenone
treatment of Provo Bay will be vital to minimize the
presence of June sucker in the treatment area.

Once Provo Bay has been netted and treated, the
bay will be further isolated from the rest of Utah
Lake. Restoration of Provo Bay will follow the mod-
el for the rest of the Utah Lake Restoration Project
including dredging, island formation, carp and
predatory fish species removal, and native plant




restoration. With the restoration of littoral zones in
Provo Bay, healthy populations of zooplankton can
be re-established. Zooplankton restoration will be
an important step in preparing Provo Bay for June
sucker recovery primarily because zooplankton
are the principle food source for June sucker. Upon
the restoration of Provo Bay, recovery of the June
sucker population will begin.

ROTENONE TREATMENT OF UTAH LAKE
Success of June sucker re-wilding will be based
on spawning numbers and healthy population
counts entering back into Provo Bay. Upon estab-
lishment of a healthy June sucker population in
Provo Bay and in fish hatcheries, Rotenone treat-
ment of Utah Lake can be undertaken.

Rotenone treatment of Utah Lake will be a size-
able undertaking. Utah Lake covers roughly 5.7
times the surface area of Strawberry Reservoir
(17,000 Acres), therefore treating the lake will be
no easy task. Due to its vast surface area (96,600
acres), the quantities of rotenone needed to treat
the lake will be significant. In order to obtain the
required quantities of Rotenone (which is in lim-
ited supply worldwide) and to maximize desired
use of available chemicals, treatment will hap-
pen in stages. Stocks of Rotenone will be bought

RECOVERING THE
JUNE SUCKER

v

LAKE RESTORATION
Each component for a natural lake ecosystem

and thriving zooplankton population will be
addressed.

LITTORAL ZONE
Restoration of a heathy littoral zone creates
habitat for zooplankton.

Z0OPLANKTON
As the only food source for the June sucker,
large quantities of zooplankton are needed.

JUNE SUCKER RE-WILDING
Success of June sucker re-wilding is based on
spawning numbers and healthy population

counts entering back into Provo Bay.

yearly and stored. All rotenone treatments will be
undertaken within the strict direction of the Utah
Division of Wildlife Resources. The Utah Lake Res-
toration Project will pay for all costs to treat Utah
Lake with Rotenone and will supply all manpower,
protective equipment, and training necessary.
Implementation of Rotenone treatments will be
described in greater detail on pages 157-162.

RESTORATION OF NATIVE FISHERIES

A key goal for the Utah Lake Restoration Project is
to assure the June sucker’s progress and eventual
removal from the Endangered Species List. The
June sucker only consumes zooplankton and can
grow anywhere from 18 - 24 inches in length and
weigh up to 8 pounds, which suggests the need
for a large quantity of zooplankton to restore a
healthy June sucker population. This will be made
possible through the restoration of a healthy litto-
ral zone and the associated increase of zooplank-
ton populations.

THE UTAH LAKE RESTORATION PROJECT - JANUARY 2018

SOLUTIONS

86



87

PRIMARY FOOD SOURCE
Zooplankton serve as the primary
food source for the threatened June
sucker.

RESTORATION OF LAKE ECOSYSTEM

The loss of the natural lake ecosystem has been

a primary source of native fish loss in the lake.
With removal of common carp from Utah lake and
its tributaries, restoration of littoral zones can be
successful. Littoral zones are the most productive
zone in any lake. Zooplankton reproduce and hide
from predators in littoral submerged zone plants.
Once Utah Lake’s littoral zones are restored,
zooplankton will be augmented by natural repro-
duction and introduction of native zooplankton
species from the fish hatchery on Provo Bay.
Recovery of zooplankton is a foundational and
necessary component for recovery of native fish
populations in Utah Lake.

Z0OPLANKTON

Zooplankton are microscopic floating animals that
serve as the primary food source for the threat-
ened June sucker fish. Recovery of zooplankton

is a foundational and necessary component for

native fish populations recovery. In a healthy
well-balanced ecosystem, this microscopic animal
can keep levels of algae under control while also
sustaining healthy and abundant fish populations.

Restoring water clarity and reducing nutrient
levels is important for zooplankton population
health. Utah Lake’s poor water quality is far less
than ideal for the zooplankton organisms to
thrive. One of the limiting factors to Utah Lake’s
zooplankton population is the unnatural levels of
phosphorus and nitrates in the water that have led
to such high levels of algae. Although zooplankton
feed on algae, high levels of algae counterintui-
tively lead to reduced zooplankton populations.
The ratio of zooplankton to phytoplankton
biomass decreases as phytoplankton biomass in-
creases among lakes. See Empirical Relationships
Between Phytoplankton and zooplankton Biomass
in Lakes; Edward McCauley and Jaap Kalff; Pub-
lished on the web 10 April 2011.
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LAKE RESTORATION AND
ZOOPLANKTON RESTORATION

The Utah Lake Restoration Project will address
each issue necessary for a natural lake ecosystem
and thriving zooplankton population, including:

+ Restoring the water quality (see Water Quality
Restoration, pages 53-66 and 151-156)

+ Dredging to remove phosphorus and nitrates
from the lakebed (see Dredging, pages 35-40)

+ Control wind and wave activity through strate-
gic island creation (see Wind and Wave Action,
pages 47-52)

+ Restoring and expanding littoral zones to secure
the lakebed (see Native Plant Restoration, pages
73-80 and 157-162)

SOLUTIONS

These combined actions will allow the lake to nat-
urally regulate water quality and preserve clean
fresh water, allowing zooplankton to thrive once
again in Utah lake.

It is also important to note that the Utah Lake
Restoration Project will actually improve littoral
zone breeding areas for zooplankton by removing
and replacing the Phragmites with native plant
communities, while also expanding the shoreline
from 76 miles to 284 miles.

A large percentage of these areas will be covered
with natural littoral zone plants. The improved
water quality and expanded breeding areas will
allow zooplankton to return to natural healthy
population numbers which can then help natural-
ly regulate algae levels in the lake.

BREEDING ZONES
The Project will
bring back littoral
zone breeding areas
for zooplankton.
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WORLD CLASS
HATCHERY
The world-class fish
hatchery will breed and
restore the entire native
fishery, including June
sucker and Bonneville cut-
throat trout.

RESTORING FISH SPECIES AND OTHER
COMPONENTS OF NATURAL FOOD CHAIN
The objective of the Utah Lake Restoration Project
is to restore the natural habitats, food sources,
and water quality needed to support restoration
of native fish species in the lake. This, combined
with other water quality improvements will allow
the lake to naturally regulate nutrient levels and

algae. The success of native plant restoration and
native aquatic species are important final steps in
a self-regulating lake ecosystem.

The world-class fish hatchery will be utilized to
breed and restore littoral zone plants, zooplank-
ton, invertebrate species, minnow species, June
sucker, and Bonneville cutthroat trout for many
years. The Utah Lake Restoration Project will also
add other important components to the lake that
will improve native fish habitats:

+ The removal of carp and invasive predatory fish
to significantly improve native plant communi-
ties and minnow species

Full restoration will allow

the Lake to naturally
requlate algae.



+ Aeration systems to improve oxygenation levels
within the lake for Bonneville cutthroat trout
and other fish species dependent on high levels

SOLUTIONS

+ Islands and littoral zones to increase shoreline,
underwater structures, and feeding areas to
support healthy fish populations

of oxygen
The ultimate objective of these efforts is to

produce conditions in Utah Lake to restore the
natural systems, food chain, and reproductive
ability for self-sustaining fish and aquatic species
of Utah Lake. =

+ Deep water channels, mechanical pumping, and
improved lake circulation to cool lake waters
and improve desired stratification within the
water column

+ Filtration systems to add important inflows
which will provide food sources and ideal habi-
tat for fish populations

7

NATURAL SYSTEMS

The ultimate objective is to produce
conditions in Utah Lake to restore
natural systems

RESTORED ECOSYSTEM

A restored ecosystem will support an
entire food chain of aquatic, avian, and
terrestrial species.
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WATERFOWL TERRESTRIAL AQUATIC
SPECIES SPECIES

Conservation measures ensure

suitability of shallow ponds on Restoration of a healthy food Comprehensive restoration helps
which birds rely to feed, rest, chain will sustain sensitive ter- sensitive aquatic species and may
and breed. restrial species, including reptiles, even restore species no longer
mammals, and birds. found in Utah Lake.
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Utah Lake once held millions of Bonneville cutthroat trout and other fish,
huge flocks of pelicans, bald eagles, osprey, and other wildlife.
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WILDLIFE
HABITAT

o

Restoring the native wildlife and habitats is a core
objective of the Utah Lake Restoration Project.

estoring Utah Lake
means restoring the
abundant popula-

- tions of fascinating
varieties of wildlife species in-

cluding waterfowl, upland bird,

mammalian, reptile, aquatic,
and amphibian species. These
species rely on the lake, its
shoreline, and tributaries for
habitat and as a food source.
Many of the animal species
that utilize the lake have been

adversely affected by the di-
minished water quality on the
lake, loss of native plant and
animal species, algal blooms,
and fluctuating lake levels.

Our goal is not only to make
the lake and its surrounding
areas better for wildlife, but to
also return the eagles, osprey,
flocks of waterfowl], pelicans,
mammals, abundant fisheries,
and aquatic species that once
dominated the lake.

The Utah Lake Comprehen-
sive Conservation Plan is a
landscape-level conservation
effort designed to benefit

the wildlife on the lake. As

we restore the clarity of the
water, repopulate native plant
species, and restore millions of
native fish to the Lake, depen-
dent species will return and
flourish. Multi-dimensional
conservation implementation
is crucial, including removal
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of nutrient-loaded sediments, nutrient control

of treated waste water, decreasing evaporation,
controlling algal blooms, lake level management,
and restoration of littoral zone to anchor the lake
bottom. Improving the niche habitats and suitabil-
ity of the lake for endemic wildlife comes from on-
the-ground implementation of these engineered
restoration measures.

Not only will these conservation actions benefit in-
digenous wildlife, they will become the ecological
driver for conservation and restoration of many
important sensitive and endangered species. This
benefits Utah's wildlife species and contributes

to the enjoyment of the public who interacts with
these wildlife species.

UTAH LAKE BIRD
POPULATIONS

Surveys conducted by the state of Utah show the
abundance of bird species which utilize Utah Lake.

WATERFOWL

Mallards 12,200+

Northern Pintail 3,800+
Green-winged Teal 14,600+
Northern Shoveler 1,300+
Cinnamon Teal 3,800+

Canada Geese 400+

WADING BIRDS

American White Pelicans 600+
White-faced Ibis 6,200+

Snowy Egrets 120+

SHOREBIRDS

American Avocet 4,000+

Black-necked Stilts 1,000+

Wilson's Phalaropes 600




DETAILED
ANALYSIS

The following provides an overview of some
of the species on Utah Lake that will benefit

from billions of dollars invested in conserva-
tion of the Lake.

WATERFOWL RESTORATION

The Lake lies within the Great Basin Flyway
and is one of the most important habitats in
the state of Utah for migratory species. Tens
of thousands of migratory birds utilize the
Utah lake annually. The Audubon society
explains how important Utah Lake is for
avian species:

"Utah Lake is one of the most important
wetlands systems in Utah for waterfowl and
shore bird populations in terms of actual
bird use. Approximately 90-95% of lake use
occurs in both the Provo and Goshen Bays
depending on lake levels.

Shorebirds and migratory birds seek flat,
shallow ponds on which to feed, rest, and
breed. Therefore, when lake levels are high
the birds tend towards Goshen Bay.

However, when lake levels are low, as they
currently are and have been in recent years
Provo Bay provides the most valuable habitat
for shorebirds and migratory birds." See
http//www.audubon.org/important-bird-ar-
eas/provo-bay-utah-lake-ut06.

Waterfowl, wading birds, and shorebirds rely heavily on aquatic
insects, invertebrate, fish, amphibian, and native plant species.
As water quality degrades and invasive plant and animal species
dominance has emerged on the lake, habitat, and food become
less desirable and less available for endemic species.

The Utah Lake Restoration Project is designed to restore the
health and abundance of foundational ecological components of
the lake. These ecosystem level conservation measures ensure
suitability of flat shallow ponds on which shore birds and migra-
tory birds rely to feed, rest, and breed. Some of the other actions
which are important to avian species include controlling lake
levels, lessening evaporation, managing water levels in Provo
Bay, and protecting the habitats of Goshen Bay.

IMPORTANT WETLAND SYSTEM
Utah Lake is one of the most im-
portant wetland systems in Utah for
waterfowl and shore bird populations.
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SENSITIVE TERRESTRIAL SPECIES
Abundant waterfowl are just one component of
the complexity of life on Utah lake. There are also
anumber of sensitive species that are found, or
are likely to be found, within the restoration area.

A few of these sensitive species include:
Reptiles: Milk Snake, Smooth Green Snake
Plants: Ute ladies Tresses

Birds: Northern Goshawk, Osprey, American White
Pelican, Swainson’s Hawk, Ferruginous Hawk,
Long-billed Curlew, Caspian Tern, Black tern,
Yellow-billed Cuckoo, Short-eared Owl, Burrow-
ing Owl, Black Swift, Common Yellowthroat, Blue
Grosbeak, Bobolink

Mammals: Spotted Bat, Townsend's Big-eared Bat,
Brazilian Free-tailed Bat, Northern River Otter

Many of the sensitive terrestrial wildlife species
on the lake are heavily reliant on the health of fish,
amphibians, and other aquatic wildlife species as
a primary food source. Removing invasive and
predatory fish species and restoring littoral zone
plants restores a healthy food chain needed to re-
store terrestrial wildlife species. These actions also
improve the water clarity and water quality of the
fish species on which terrestrial wildlife depends.

VIRTUOUS CYCLE

1. WE HELP THEM

Improving water quality sustains a proliferation
of native plant and animal species.

2. THEY HELP US
Many of these native species in turn help to

continue improving and sustaining water quality

through natural processes.

BLACK TERN

The graceful tern of freshwater systems will

benefit from lake restoration.

*

Another key component of the restoration pro-
gram is addressing serious concerns regarding
the suitability of wildlife habitat. One invasive
plant species, Phragmites, dominate many of the
wetlands surrounding the lake. It has degraded
huge swaths of the shoreline to the point that
they are nearly unusuable by most native wildlife.
Removal of phragmites is vital to bringing back
desirable native plant species, but also to restore
the suitability of these habitats for terrestrial
wildlife. This is one more way the Comprehensive
Restoration Plan begins the process of restoring
wildlife species on the lake.

The restoration project
will benefit a number
of sensitive species.



SENSITIVE AQUATIC SPECIES

Utah Lake is home to a diverse aquatic species in-
cluding fish, amphibians, and invertebrates. Native
fish species historically found in the lake include:
Bonneville cutthroat trout, June sucker, Utah
sucker, Utah Chub, Mountain Whitefish, Mountain
Sucker, Bonneville Redside Shiner, Speckled Dace,
Longnose Dace, Leatherside Chub, Least Chub, Utah
Lake Sculpin, and Mottled Sculpin.

Of these indigenous species, only June sucker and
Utah sucker are still found in Utah Lake. While the
threatened June sucker has received much of the
attention of fish species on Utah lake, several of
the other species still occur in Utah Lake tributar-
ies. Timely restoration of habitat within the lake
and removal of the 16 invasive and predatory fish
species provides an opportunity to restore native
fish to the lake at a critical time. A more detailed
restoration plan for native fish is described on
pages 81-90.

SOLUTIONS

Two sensitive species of native amphibians his-
torically were found in the wetlands surrounding
Utah Lake. The Columbia Spotted Frog is now only
found in one isolated spring/wetland complex
near Springville, Utah and is no longer found in
Utah Lake. The other is the Western Toad, a spe-
cies that no longer is found in Utah Valley.

Similarly, four native mollusk species were found
in Utah Lake and its surrounding habitats. The
California Floater, the Glossy Valvata, the Desert
Valvata, and the Utah Physa. The Desert Valvata
no longer occurs in Utah and the other three have
not been observed in Utah Valley for many years.

Restoration of Utah Lake provides an opportu-
nity to help sensitive aquatic species and even
restore species to the lake that are no longer found
there. While each aquatic species has separate
requirements, the Utah Lake Restoration Project
implements the foundational elements needed for
restoration of most or all of these species.

COLUMBIA SPOTTED FROG

This fascinating North American
frog will benefit from an improved
natural habitat on Utah Lake.
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NATURAL COMPETITION
Aquatic plants compete with algae
for nutrients and sunlight, providing
a natural buffer for algal blooms.

WATER CLARITY AND QUALITY
Restoration of aquatic plants is prereq-
uisite for water clarity and quality.

A key to the restoration efforts center around vides a buffer against algal blooms. See https.//
converting Utah Lake from a turbid eutrophic www.fws.gov/mountain-prairie/federalassis-
state with frequent algal blooms, to a clear water tance/nepa/utah-lake-carp/Carp-Removal-NE-
state with restored aquatic plant and zooplankton PA-FEA-1-26-10-mdm.pdf page 33. 1

communities. Restoration of aquatic plants is a
powerful prerequisite for restoring water clarity
and water quality.

A recent EIS explained the multifaceted benefits
of restoring aquatic plant communities:

Rooted aquatic plants are important for a
number of ecological reasons. In terms of water
quality, rooted aquatic plants anchor bottom
sediments thereby preventing sediment resus-
pension and reducing turbidity and nutrient
availability in the water column. Aquatic plants
provide habitat complexity and a predation
refuge for zooplankton, which consume algae,
thereby promoting water clarity. Rooted aquatic
plants also compete directly with algae for
nutrients and sunlight, and their presence pro-
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RARE BEAUTIES _
' The threatened Ute Ladies’ $
Tresses will thrive in the '
restored Utah Lake eco- .
system Y,

Ute Ladies’ Tresses are a perennial orchid
found along riparian edges, gravel bars,
old oxbows and moist to wet meadows
along perennial freshwater streams and
springs at elevations ranging from approx-
imately 4,300 to 7,000 feet (USFWS 1992;
Stone 1993). It is an early to mid succes-
sional species that is well adapted to low
floodplain terraces along alluvial streams
where scouring and sediment deposition
are natural processes.

The plants bloom from late July through
August (sometimes September), setting
seed in the early fall. Ute ladies’ tresses
are known to occur in areas around Utah
Lake and its tributaries, with populations
documented in areas near Springville and
American Fork cities. Ute ladies’-tress-

es were listed as threatened on January
17,1992 (57 FR 2053). (See https://goo.gl/
JQ5n8t, page 29.) m

The best remedy for those
who are afraid, lonely, or
unhappy 1s to go outside...

-Anne Frank
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BENEFITS

The Utah Lake Comprehensive Restoration Project is

SOLUTIONS

PUBLIC TRUST

designed to protect and promote public trust. Public trust

Restoring
water clarity
and
water quality

Restoring
native fish and
aquatic species
like Bonneville

Cutthroat and
June sucker

values enhanced by the Utah Lake Restoration Project

include, but are not limited to:

Conserving
water
resources

Increasing
suitability for
shore birds,
waterfowl, and
other avian
species

Preserving
water storage
and
water supply
functions

Improving
navigability

THE UTAH

Removing
invasive plants
and fish species
like phragmites

and carp

Maximizing

and ensuring

recreational
access

Restoring
littoral zone
and
other plant
communities

Enhancing
recreational
opportunities
and improving
use for
residents and
visitors
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 IMPLEMENTATION

The Utah Lake Restoration Project has developed a
detailed approach to implementing its solutions.




A DETAILED EXPLANATION OF PROPOSED
SOLUTIONS IMPLEMENTATION

PLANNING, PERMITTING, AND COMMUNITY DESIGN

Significant technical environmental and conservation planning, PG 111
permitting, infrastructure solutions, and development.

RESTORATION OF PROVO BAY PG 131

Smaller scale version of the much larger project.

DREDGING AND ISLAND CREATION PG 141

Provide the foundation for restoring the entire lake ecosystem.

WATER QUALITY UPGRADES PG 151

Efforts to improve water quality and address dangerous algal blooms. .

RESTORED NATIVE PLANT AND FISH COMMUNITIES

Removal of invasive plant and fish species and restoration of native PG 157
plant and fish communities

SHORELINE

Network of public access, trail systems, and public beaches improve PG 163
public access to and use of the restored lake.

TRANSPORTATION

Comprehensive proposal for alleviating existing and anticipated traffic PG 159
congestion in Utah County.

INFRASTRUCTURE PG 175

Large infrastructure investments to support island residents.

RECREATION ISLAND DEVELOPMENT

Provide areas to boat, relax, picnic, recreate, camp, or simply reconnect PG 183
with nature.

DEVELOPMENT ISLANDS
The economic foundation providing the billions of dollars needed to PG 191
restore Utah Lake.
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Planning,
Permitting,
Research,
and Studies

estoration of Utah
Lake will require
approximately $6.4

- billion in private
investment from Lake Recovery
Solutions, Inc. The Utah Lake
Restoration Project will not only
be costly, it will take years of
significant technical environ-
mental and conservation plan-
ning, permitting, infrastructure
solutions, and development.

The Utah Lake Restoration
Project team members have
decades of experience with
projects of this size, complexity,
and magnitude.

There are three key phases
to the Utah Lake Restoration
Project:

Phase I- Planning, Permitting,
Research, and Studies

Phase II-Conservation Solution
Implementation

Phase IlI-Island Development

PLANNING, PERMITTING,
RESEARCH, AND STUDIES
Before on-the-ground imple-
mentation of the conserva-
tion solutions to restore Utah
Lake, significant planning and
permitting will be required

2

Conservation
Solution
Implementation

IMPLEMENTATION

3

Island
Development

CURRENT COST ESTIMATES FOR
UTAH LAKE RESTORATION PROJECT

$2.2 billion

$357 million
$162 million
$550 million
$1.2 billion

$400 million
$565 million

$500 million

at the federal, state, and local
levels. These planning and
permitting processes will
describe impacts (beneficial,
adverse, or both), as well as
ways to mitigate (avoid, reduce,
or minimize) predicted or po-
tential negative effects. In this
early phase of the project, an
environmental impact state-
ment (EIS) will be prepared.
Sufficient information must be

Dredging 900,000,000 cubic yards of sediment
Rock/stone for islands and lake restoration

Water treatment upgrades

Studies, science modeling, research, and engineering
Provo Bay, tributaries upgrades, and trails

Wetlands, littoral zone restoration, and water circulation
Fish hatchery and fish restoration

Recreation development projects

included in the EIS for deci-
sion-makers to evaluate the
relative merits of the proposed
action and a reasonable range
of alternatives and identify an
alternative that is preferred
over others.

The EIS will serve not only to
comply with the National En-
vironmental Policy Act (NEPA),
but also will serve as a foun-
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PROMOTE PUBLIC TRUST
Restoring Utah Lake will have
far-reaching benefits for the public.

dation for sound, defensible quality, native vegetative infrastructure project with

> project planning. We anticipate species, wildlife species, and to long-reaching impacts. Our
that federal planning and promote public trust values in commitment is to work to
permitting will require from the state of Utah. maximize collaboration,
approximately 18 months to The Utah Lake Restoration communication, and input to
several years to complete. More Project Team will also work achieve the conservation and
information of the federal plan- closely with Utah County, development objectives that
ning and permitting for the cities surrounding the Lake, will work for the state of Utah,
Utah Lake Restoration Project stakeholders, and interested its natural environments, and
is provided on pages 111-118. citizens. This is a massive its citizens.

We will work with state agen-
cies, including the Department
of Natural Resources, the

Utah Lake Commission, Utah
Division of Forestry, Fire, and
State Lands, Utah Department
of Environmental Quality, Utah
Division of Wgtef Quality, Utah o DWR FEEDBACK
Division of Wildlife Resources, . '
Utah Department of Trans-
portation, and many other
state agencies to ensure the
Utah Lake Restoration Project
accomplishes the restoration
objectives for the Lake, water

DWR will provide

critical feedback to
ensure restoration
goals are achieved.

105



INVESTMENT IN SCIENCE
AND RESEARCH

This will likely be the largest
environmental restoration
project of this kind in the coun-
try. New scientific research,
insights, designs, and models
will be developed as a result of
the project.

The Utah Lake Restoration
Project anticipates funding
approximately $500,000,000
in new research, modeling,
monitoring, and engineering
to ensure all objectives of the

project are fully implemented
using the best available data,
research, and science.

During this period, and
throughout the project, these
dollars will be invested in sci-
entific research, field studies,
core samples, computer mod-
eling, engineering, and design.
These efforts will create a more
in-depth understanding of the
best mechanisms to restore
Utah Lake and its natural
ecosystems. They will continue
to inform designs for detailed
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IMPLEMENTATION

dredging, lake bathymetry,
wind and wave control, lake
circulation, filtration system
design, and aeration system
placement.

Continual monitoring and
research related to water
quality, invasive species
removal success, native plant,
and wildlife restoration will
provide new insights and
continue to inform the best
available science on conser-
vation response to recovery
project implementation.

106



107

CONSERVATION SOLUTION
IMPLEMENTATION

Once necessary planning and
design has been completed
and all permits have been
obtained, implementation of
on-the-ground conservation
actions can be commenced in
full. Precise coordination, tim-
ing, and implementing of the
various phases will be required
throughout the project. We an-
ticipate that implementation of
conservation projects will re-

quire several billions of dollars
of infrastructure investment
and will take approximately
8-10 years.

Phase II will begin with res-
toration of Provo Bay. Provo
Bay is seriously impaired by
Phragmites and other invasive
species dominance. A restored
Provo Bay will provide restored
habitat for birds, fish, and other
wildlife. It will also serve as a
recovery nursery for thousands

of June sucker and other fish
species. A world-class fish
hatchery will be constructed
on the shore of Provo Bay to
support June sucker, Bonne-
ville cutthroat trout, least chub,
other native minnow species,
zooplankton, littoral zone,

and riparian plants. Provo Bay
will also demonstrate how
invasive plant removal, island
creation, controlling wind and
wave action, restoring littoral,
emergent, and riparian zone



IMPLEMENTATION

plants, and other water quality
improvements can restore a
natural ecosystem.

Completion of Provo Bay, and
establishment of a healthy
June sucker population in Pro-
vo Bay will allow completion
of full restoration of Utah Lake.
In particular, final removal of
invasive common carp from
Utah Lake and restoration of
littoral zones around the Lake

can be fully implemented. Full + Upgrades to waste water * Restoration of native plant

completion of Phase Il includes treatment facilities communities

implementation of the follow- + Stormwater capture, reten- + Removal of invasive fish

Ing conservation solutions on tion, and treatment - Restoration of native fishery

Utah Lake: * Placement of biofilters - Restoration of native wildlife

» Dredging + Placement of mechanical

« Island creation pumping and circulation A detailed explanation of

. Controlling wind and systems conservation strategies is dis-
wave action + Aeration systems cussed on pages 31-100.

+ Water quality improvement + Invasive plant eradication
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ISLAND

DEVELOPMENT

As previously discussed,
islands fill a vital role in
restoration of Utah Lake by
controlling wind, reducing
wave action, improving water
clarity, expanding fish and
wildlife habitat, and creating
recreational opportunities on
the Lake.

Islands also provide a mecha-
nism to fund the multi-billion
dollar dredging and restoration
of Utah Lake. After the prelim-
inary phases of dredging and
island creation, further devel-
opment of islands will occur
for a number of years.

The Utah Lake Restoration
Project will create three
primary island types on Utah
Lake: estuary islands, recre-
ation islands, and development
islands. Each island type will

have different development
needs to accomplish their
function. Estuary islands’
fundamental role is to provide
protection for shorelines and
restored wetlands, wildlife, and
fish habitat. In this role, estuary
island creation is relatively
simple. Recreation islands
control wind and wave action
and provide recreational oppor-
tunities on the Lake. Devel-
opment islands will provide
areas for recreation, parks,
trails, housing, transportation,

commercial, and business. Due
to the complex engineering re-
quirements that must be met to
develop these islands, develop-
ment will take longer than the
other phases. In fact, comple-
tion of final development of
the main island may continue
for as many as 20 years with
economic indicators also play-
ing a role in the development
timeline. A detailed outline of
implementation island devel-
opment is included hereinafter
on pages 183-206.
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CONSERVATION

PLANNING

he Utah Lake Resto-
ration Project recog-
nizes the value of the
environment within
the region and embraces the
responsibility to protect and
improve the Lake's ecosystem.
Conservation planning will
be undertaken with a vision
focused on environmental ex-
cellence and to improve quality
of life for those who live, work,
and recreate in and around the
development and lake.

To this end, from the outset, we
will implement state of the art
technologies to protect and en-
hance the environment for the
benefit of residents, the state of
Utah, and visitors to Utah Lake.
The Utah Lake Restoration
Project will most likely be the
largest environmental resto-
ration of its kind in the country.

As part of this planning pro-
cess, there will be significant
focus on June sucker recovery;
littoral, emergent, and riparian
zone design and restoration;
and native plant and animal
restoration.

ENVIRONMENTAL SUS-
TAINABILITY STRATEGY
Underlying all these efforts will
be an environmental sustain-
ability strategy. The approach to
this strategy will focus on both
the local and regional impacts.
Consideration will be given not
only to minimizing the impact
on the environment, or ‘touch-
ing the earth lightly’, but also

improving the environment,
enhancing open space, and
increasing biodiversity, all of
which will contribute to making
the community an attractive
place, both to live, work, and
spend time with family.

Unprecedented environmental
sustainability covers multiple
areas. Within this theme the
overarching principles are
proposed:

+ Energy/carbon — minimize
energy use and carbon emis-
sions from the site

+ Water — minimize impact on
wider water resources from
reusable water on the site

+ Waste and materials —
minimize waste generation
and maximize re-use and
recycling of materials during
construction, operation, and
commissioning in line with
applying the waste hierarchy

+ Ecology and biodiversity —
enhance and protect biodi-
versity and ecology of while
integrating landscaping with
the storm water drainage

+ Pollution prevention — min-
imize impacts on water, air,
noise, and land

The new blueprint for environ-
ments that promote biodiver-
sity and enhance green open
space will be the key driver in
the development of the entire
community. The opportunity
to harness and integrate the
water resources on the site
and the existing green spaces
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into a combined network that

increase intelligent strategies

for biodiversity on the site will
be embraced.

THE OBJECTIVE OF RE-
STORING BIODIVERSITY
Restoring biodiversity on Utah
Lake is a core objective of
conservation planning and im-
plementation of the Utah Lake
Restoration Project. Enhancing
biodiversity can best be accom-
plished by recovery of endemic
species, particularly species
such as the June sucker, that
are endemic and unique to
Utah Lake.

Also critical to these resto-
ration efforts are restoring

the native plant communities,
particularly littoral zone and
riparian zone design, as well
as native wildlife restoration.
For more information on June
sucker and endemic species
restoration see pages 81-90
and pages 157-158. For more
information on littoral zone
and riparian zone restoration,
see pages 73-80 and pages 157-
162. For more information on
native fish and wildlife species
restoration see pages 81-90 and
pages 157-162.

Each of these topics will be
part of the federal and state
planning, coordination, and
permitting processes and will
be conducted according to the
Utah Lake Restoration Project
environmental sustainability
strategy. The ultimate objective
of these efforts is to produce
conditions in Utah Lake to re-
store the natural systems, food
chain, and reproductive ability
for self-sustaining fish and
aquatic species of Utah Lake.
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ENVIRONMENTAL
ANALYSIS AND
DOCUMENTATION

~ ] nvironmental plan-
ning and permitting
will be a significant

o undertaking through-

out and integral with other

activities of the Utah Lake

Restoration Project.

Before ground disturbance,
invasive species removal,

or many of the related on-
the-ground restoration and
conservation actions can
begin, a succession of permits
will be required from federal,

state, and local agencies. The
permitting process includes
substantial planning, doc-
umentation, and reviews.
Notably, the federal status of
the June sucker (Chasmites
liorus) as an endangered
species, endemic and unique
to Utah Lake, will require
conscientious and collabo-
rative planning, permitting,
and approvals before dredging
and removal of invasive carp
species can begin.

We anticipate that the June
sucker Recovery Plan (U.S. Fish
and Wildlife Service [USFWS]
1999) and subsequent associat-
ed conservation direction will
have to be reviewed, amended,
and adopted. We anticipate
that these planning and per-
mitting efforts will take a min-
imum of 18 months, but could
take several more years.

The Utah Lake Recovery Proj-
ect includes full-time planning
and permitting efforts that will
be coordinated with the State
of Utah, Department of Natural
Resources, Division of Forestry,
Fire, and State Lands, and Divi-
sion of Wildlife Resources.



DETAILED ANALYSIS

Prior to implementation of
ground-disturbing activities,
an EIS will be required in
accordance with NEPA. The
bed of Utah Lake, along with
other natural lakes in Utah,
was granted to the State on
admission of the State to the
Union in 1896, and, in 1987, the
U.S. Supreme Court ruled that
the State of Utah (Department
of Natural Resources, Division
of Forestry, Fire, & State Lands
[FFSL]) administers the land
beneath the Lake. However,
because:

+ Utah Lake is a traditional
navigable water of the United
States (State of Utah through
Division of Parks and Recre-
ation v. Marsh, August 1984)
with associated wetlands, over
which the U.S. Army Corps of
Engineers (USACE) has juris-
diction in accordance with the
Clean Water Act;

+ Utah Lake is a critical habitat
of the federally listed endan-
gered June sucker, a fish spe-
cies endemic to Utah Lake and
the Provo River and under the
purview of the USFWS; and

+ Due to the magnitude of the
action proposed to restore the
Lake,

the proposed project will be
considered by the Environ-
mental Protection Agency
(EPA), USACE, USFWS, and oth-
er applicable federal agencies
a major federal undertaking
requiring preparation of an
EIS in accordance with NEPA
and other applicable laws and

regulations. These federal laws
and regulations require the
federal government to evaluate
the effects of its actions on

the environment and consider
alternative courses of action.
“The NEPA process is intended
to help public officials make
decisions that are based on

the understanding of environ-
mental consequences, and take
actions that protect, restore,
and enhance the environment”
(40 CFR 1500.1(c)).

An EIS is a document pre-
pared to analyze and disclose
the consequences, or effects,
of a proposed action on the
environment and to consider
alternative courses of action.
The EIS describes impacts
(beneficial, adverse, or both), as
well as ways to mitigate (avoid,
reduce, or minimize) predicted
or potential negative effects.
Sufficient information must be
included in the EIS for deci-
sion-makers to evaluate the
relative merits of the proposed
action and identify a reason-
able range of alternatives.

The NEPA process is a sound
and systematic process that,
if adhered to and conducted
in the spirit and intent of the
law and properly documented,
the outcome is firmly defen-
sible, and will contribute to
environmentally sound design
and engineering, and future
environmental planning and
sustainability. The process

is complex and can become
cumbersome and delayed if
not vigilantly and effective-
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ly managed. In an effort to
streamline the NEPA process
to minimize delays, the Utah
Lake Restoration Project is pro-
posing to proactively plan for
and prepare much of the early
planning documentation and
materials to support the lead
federal agency in commencing
the process.

The federal Lead Agency will
require a bid process to identify
a qualified third-party envi-
ronmental consulting team

to provide services needed to
prepare the EIS. The consult-
ing team will contract with
Lake Restoration Solutions for
payment of services but will
receive direction on preparing
the EIS from the Lead Agency.

Although the Utah Lake Resto-
ration Project Team (or “Team”)
includes environmental plan-
ning personnel highly qualified
to conduct the environmental
analyses to prepare the EIS, it
most likely would be consid-
ered a conflict of interest for
the Team to pursue the prepa-
ration of the EIS.

However, the Team proposes

a plan to (1) complete as much
draft work in anticipation of
the NEPA effort during the
pre-NEPA period to benefit

the Lead Agency and project
schedule, (2) support the NEPA
team during public scoping to
the extent allowable during the
NEPA process, and (3) contrib-
ute to and support project im-
plementation and monitoring.
A description of each follows.
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PRE-NEPA ACTIVITIES

The period before an application
for the project is submitted to
the federal Lead Agency is the
opportunity for the Utah Lake
Restoration Project Team to (1)
demonstrate the Team's knowl-
edge and strong intent to begin
on a solid footing with the Lead
Agency and (2) be prepared

to facilitate steps of the NEPA
process to the extent allow-
able and practicable. Once the
NEPA process commences, the
Team’s role and involvement in
the NEPA process is limited or
severely restricted, depending
on which agency has the role as
lead (as some agencies abide by
stricter policies).

The Team has no control over
the activities of the lead and
cooperating agencies during
the NEPA process other than
monitoring schedule and
budget and providing supple-
mental technical information,
as needed (in accordance with
stipulations developed in a
Memorandum of Understand-
ing between the Team and
Lead Agency).

The NEPA process is to be con-
ducted impartially; therefore,
agencies must use caution in
the means by and the degree

to which the Team is involved
to ensure other agencies and
the public that the Team has no

influence over the process or
ultimate decisions made. The
Utah Department of Natural
Resources and/or the Division
of Forestry Fire and State
Lands may request status as a
Co-Lead Agency, which allows
more involvement in the
preparation of the EIS.

Over this period the project
team will take the opportunity
to prepare (1) materials that
are required and (2) optional
materials that could assist in
facilitating and expediting
steps of the NEPA process. All
materials will be comprehen-
sive and detailed as possible.
Any changes to the description
of the project during the NEPA
process may require revisions
to the analysis and document,
which could result in delays
to the schedule and require
additional funding.

Preparatory activities and in-
formation that should be devel-
oped include the application,
draft Memorandum of Under-
standing (MOU), and pre-ap-
plication meeting. Preparation
and submittal of an application
to the Lead Agency triggers

the agency’s requirement to
respond to the application.

Federal applications often
require a statement of purpose
and need, project description,
preliminary plan of develop-
ment, description of probable
effects, design features of the
project for environmental
protection, project schedule,
statement of economic feasi-
bility, and statement regarding
legal status and solvency.



A draft Memorandum of Un-
derstanding (MOU) for agency
review would expedite dis-
cussion of roles and respon-
sibilities and agreements for
cost recovery, if required. This
should include Team’'s monthly
fiscal-reporting requirements

requirements for completing
an application, NEPA process
requirements, content of the
MOU, cost recovery for agency
participation, next steps, is
helpful in preparing to follow
up with the required and sup-
plemental materials as soon

for the Lead Agency and
third-party contractor (e.g.,

monitoring progress, schedule,
and budget). A pre-application

meeting with the assumed
Lead Agency to discuss

after the meeting as possible.

Other materials that could be
prepared by the Team during
this pre-application period to
facilitate commencement of the

IMPLEMENTATION

NEPA process include a draft
management strategy, draft
communication plan, list of
potential cooperating agen-
cies (Figure I), list of regulatory
requirements, list of permitting
requirements, list of American
Indian tribes potentially in-
volved, preliminary list of project
issues, comprehensive resource
reports, and draft request for
proposal for environmental
services to prepare an EIS.

FIGURE 1. DRAFT LIST OF POTENTIAL COOPERATING AGENCIES

AGENCY

RESPONSIBILITIES

LEGAL AUTHORITY

Federal Lead — U.S. Army Corps of Engineers

Navigable water and wetlands protection

Clean Water Act, NEPA, Harbors
and Rivers Act

Co-Lead (?) — Utah Department of Natural
Resources (DNR), Division of Forestry,
Fire & State Lands

Federal

Planning, administration, protection, and management
of lake bed and shoreline

U.C. 65A

Bureau of Reclamation (USBR)

Management of withdrawn lands adjacent to Utah Lake
and USBR water rights associated with Utah Lake

Reclamation Act 1902, NEPA

Bureau of Land Management (BLM)

Management of BLM-administered lands adjacent to
Utah Lake

Federal Land Policy and Management
Act 1976, NEPA

Environmental Protection Agency

Protection of human health and the environment

NEPA, Clean Water Act

National Park Service

Protection of archaeological and historic resources

Archaeological and Historical Preserva-
tion Act 1974, NEPA

Utah Reclamation Mitigation and
Conservation Commission

Management of Utah Lake Wetland Preserve and
mitigation for Central Utah Project

Public Law 102-575, Titles II-VI, Central
Utah Project Completion Act 1992, NEPA

State of Utah

DNR, Division of Water Resources Manages water resources of Utah Lake basin U.C.73-10-18
DNR, Division of Water Rights Administers Water Rights of Utah Lake basin U.C. 73-10-18
DNR, Division of Wildlife Resources Manages and protects wildlife U.C.73-2-1

DNR, Division of Parks and Recreation

Regulatory authority over populated waterways. Man-
ages Utah Lake State Park, law enforcement, search
and rescue operations, and navigational hazards

U.C.6311.17.1,U.C. 73-18

Department of Environmental Quality
(DEQ), Division of Water Quality

Protects water quality of Utah Lake and tributaries

Utah Water Quality Act 19-5

Department of Community and Culture,
Division of State History

Preservation of historic and archaeological properties

National Historic Preservation Act Sec-
tion 106, Utah Annotated Code 9-8-404

Other Government Agencies

Utah Lake Commission

Planning and coordination among agencies

Interlocal Agreement Creating Utah
Lake Commission, HCR 12007

Central Utah Water Conservancy District

Management of water resources and water rights under
its jurisdiction in Utah Lake

Central Utah Project Completion Act, PL.
102-575

Utah County

Land uses adjacent to Utah Lake and law enforcement

Municipalities

Land uses adjacent to Utah Lake and enforcement of
laws and ordinances

Municipal statutes
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NEPA PROCESS

As mentioned previously, the
NEPA process is a systematic,
defensible process; however,
considering the magnitude

of the project, its multiple
components, and the volume
of resource data involved, the
EIS project will be complex and
will require proactive planning
and vigilant management.

The steps of the NEPA process
include (1) scoping, a process
open to the public and conduct-
ed early in the NEPA process to
engage the public and relevant
agencies, solicit opinions
regarding the proposed actions
and associated uses, and
identify and frame the issues

to be studied and addressed

in the EIS; (2) collection and
compilation of existing natural,
social, and cultural resource
data to document the existing
condition of the environment
and serve as a baseline for
analysis; (3) impact assess-
ment; (4) mitigation planning;
(6) documenting the results
(i.e., preparation of the Draft
EIS for public review, prepa-
ration of the Final EIS, and
preparation of the Record of
Decision). Processes conduct-
ed in parallel with the NEPA
process include Endangered
Species Act (ESA) Section 7
consultation, National Historic
Preservation Act Section 106
coordination and consultation,

government-to-government
tribal consultation, and Clean
Water Act Section 404 coordi-
nation, each of which is guided
by its own unique process. The
scopes of and schedules for
these processes and resulting
documents are determined ear-
ly in the NEPA process during
scoping. Figure Il illustrates the
flow of the NEPA process.

There are natural, human, and
cultural resources that must
be addressed in the EIS, but
because EIS data and analyses
must be commensurate with
the importance of the impact,
the emphasis will be placed on
the complex issues associated
with the project. Effects will be

FIGURE II. SUMMARY OF NATIONAL ENVIRONMENTAL
POLICY ACT PROCESS TASKS

Impact Assessment and Mitigation Planning

Resource Data

Residual

Process open to the
public, early in the
NEPA process, to en-
gage public and agen-
cies, identify and frame
issues to be addressed
in EIS. Tool for discov-
ering problems and
opportunities, identify-
ing a reasonable range
of alternative actions,
and identify potential
significant impacts
early in the process.

Inventory

Initial Impact
Assessment

Mitigation
Planning

Impacts

Prepare the
baseline
resource in-
ventory data
needed to as-
sess impacts
resulting from
the proposed
action.

Evaluate
effects of
project dis-
turbance on
the resources
to determine
the initial
impacts that
would result.

Based on im-
pacts evident
in initial anal-
ysis, identify
and plan for
measures to
avoid, reduce,
minimize or
otherwise
mitigate
impacts.

Impacts
remaining
after applying
measures to
mitigate the
impacts.

Distribute Review

the draft EIS comments

broadly to the | received on

agencies and | Draft EIS, Formal record
interested respond to of the agen-
parties to substantive cy's decision
review and comments, under NEPA.
comment on and revise the

the adequacy | EIS accord-

of the EIS. ingly.
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analyzed for the Lake resto-
ration activities as well as the
effects of development. The
Utah Lake Restoration Project
Team has a firm understanding
of the issues that will have to
be addressed in the EIS. Re-
sources and subjects that may
need to be addressed during
the NEPA process include, but
are not limited to, the following:

Climate and air quality

Earth resources

(geology and soils)

Paleontological resources

Water quality:

+ Shallow lake
(water temperature, evapora-
tion, wind and wave action,
boat prop wash,
ice flow)

+ Shore erosion

+ Suspended bottom

+ Phosphorus- and nitro-
gen-loaded sediments

+ Algae and E-coli

+ Poor water flow, aeration,
filtration

Wetland and riparian areas
+ Loss of littoral and
emergent zone

+ Invasive species
(phragmites, tamarisk)

Plant communities

Wildlife

(reptile, amphibian, small mam-

mals, avian)

Special status species

Fish

+ June sucker

+ Bonneville cutthroat trout

+ Least chub and other native
minnows

+ Non-native species
(carp, pike, white bass,
walleye, others)

Land uses
(agriculture, industrial,
commercial, residential)

Transportation and access
Visual resources

Cultural resources
(prehistory, history, archaeology,
Native American concerns)

Fire ecology and management
Social and economic conditions

Public health and safety

PROJECT IMPLEMENTA-
TION AND MONITORING
Once the EIS has been com-
pleted, the measures resulting
from mitigation planning will
be incorporated into detailed
implementation plans that will
be key to the plan of develop-
ment that (1) guides design
and engineering and (2) directs
construction, environmental
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monitoring during construc-
tion to ensure the measures
are being applied as intended,
reclamation planning and
restoration, post-construction
monitoring to measure recla-
mation success and identify
whether adaptive manage-
ment measures are needed,
and long-term monitoring of
environmental health and
sustainability. Detailed envi-
ronmental implementation
plans will include, but not be
limited to, biological resources
conservation; noxious weed
management; water resources
protection; vegetation man-
agement; historic properties
treatment; erosion/dust con-
trol; fire protection; reclamation
and revegetation planning,
implementation, and moni-
toring; stormwater pollution
prevention; spill prevention,
containment, and countermea-
sures and hazardous materials
management; and emergency
preparedness and response.
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MASTER PLANNED
COMMUNITY, DESIGN,
AND METHODOLOGY

Overall Design Methodology

he Utah Lake Res-
toration Project
includes an intel-
ligent, new master
plan for a community that
will be developed on the Lake.
With this development, the
goal will be to protect the lake
ecosystem in a manner that is
maintainable and sustainable.
The resultant development will

be guided by the objective of a
lakefront community, untaint-
ed by pollution, that is uniquely
planned and designed for local
residents and people moving
into the state.

It will include a vibrant water-
front as well as an attractive
location for business, retail,
arts, culture, recreation, and

education. The community will
offer an unprecedented quality
of life in an environment that

is welcoming for all those who

want to live, work, and recreate
on the restored Lake.

The community will be a place
for families and will nurture
inventiveness, health, personal
development, and well-being.
Districts of distinct charac-

ter will be interconnected by
public transit, open space, and
visual amenities. Diversity of
housing choices and afford-
ability will provide comfortable
homes for local residents. It
will contain world-class health
care, technology, and educa-
tional centers complimented
by neighborhood shopping,
dining, and recreation.



COMMUNITY

MASTER PLAN

The community master plan

is intended as an innovative
conceptual blueprint for devel-
opment with the understanding
that it will be designed with

a flexible framework to allow
adaptation to public and private
market changes.

The design team will imple-
ment the best practices of
sustainable design to create
a sophisticated, high-quality
community supporting local
and regional needs.

SUSTAINABILITY OBJEC-
TIVES AND STRATEGIES
We recognize the unique nature
and value of the environment
within the Utah Lake Region
and we recognize and embrace
our responsibility to protect and
improve it wherever possible.

Funding for executing the Utah
Lake Restoration Project comes
from using dredged material to
create islands in the Lake for
neighborhood and community
development, recreation, and
environmental control. The
islands play a major role in

solving some of the issues such
as wave action, surface evapo-
ration, fishery control, shoreline
access, and efficient east-west
transportation. The islands will
be developed with state of the
art, scientific environmental
and conservation techniques
and methods. They will be a
blueprint for sustainable living.

Our vision is that environmen-
tal excellence will be a key
element in the Utah Lake Res-
toration Project development
and will enhance the quality of
life for community residents.

‘ PRINCIPLES TO GUIDE SUSTAINABLE DEVELOPMENT

The key principals which will guide the develop- + A community of outdoor living recognized by its
ment are: natural parks and open spaces

+ A smart, cost-effective, easy-to-phase infrastruc-
ture that offers a platform for a high-quality 21
century community

+ A vision for energy that points to emerging
technologies

+ A community focused on the remarkable Utah
Lake and Provo Bay environment

+ A community offering global excellence as a
destination for live, work, education, healthcare,
and tourism

+ A community of transit: convenient and high
quality alternatives to fossil fuel cars

+ A community of smart design in everything, from
buildings to neighborhoods to districts — to the
community and the region

+ A community that cherishes water by conserva-
tion and reuse

+ A strategically phased and implemented commu-

nity, focused on short-term initiatives that lead to
sustained long-term growth

A community of communities that are culturally
and environmentally vibrant, which can sustain
both economies and lifestyles

A community reflecting environmental brilliance;
a partnership between the community and its natu-
ral setting

A community that not only provide “green living,’
but that is actually the foundation for environ-
mental restoration of an impaired ecosystem,
including removal of invasive species, resto-
ration of native plant communities, fish, wildlife,
threatened species, restored water quality, and a
healthy functioning ecosystem
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GOALS AND OBJECTIVES
Several project objectives will
direct the design and planning
activities of the Utah Lake
Restoration Project:

1. Create a well-designed and
balanced master planned
community within a re-
stored ecosystem that will
be inherently maintainable
and sustainable and built
to the highest development
standards.

2. Use the dredged and re-
claimed material to create
islands, appropriately con-
toured and shaped, within
the structure of the Lake,
which will play a major role
in solving the issues of wave
action, evaporation, fishery
control, shoreline access, and
efficient east-west transpor-
tation. The science and tech-
nology of island creation us-
ing dredged material is well
proven and acknowledged as
successful on projects team
members have previously
worked on in various parts of
the world, such as:

Palm Islands in Dubai, UAE
Al Durrat and Diyar in
Bahrain

The Pearl in Qatar

Al Khiran City in Kuwait

3. Create and implement
development guidelines and
restrictions with stringent
and exacting environmental,
sustainable, and conserva-
tion methods

4. Establish a sophisticated and
sustainable development
pattern with the overall goal
of creating livable districts
comprised of several distinct

neighborhoods that pro-
vide diverse housing types
to meet the needs of the
ever-growing community.
In addition, the project will
have both commercial and
hospitality districts. Nec-
essary amenities such as
schools, churches, parks,
trails, and recreation fa-
cilities will be designed as
integral parts of the districts
and neighborhoods.

5. Stimulate and diversify the
existing and future econom-
ic base to secure invest-
ment and development of
residential, commercial,
cultural, and leisure activi-
ties to broaden the interest
and attraction of the diverse
community. The project
site seeks to increase the
economic underpinning of
the district and region by the
direct creation of jobs and
ensuring that local retailers
have alocation to access
those opportunities and en-
hancing visibility and access
to the waterfront.

ADDRESSING GROWTH
NEEDS WITHIN UTAH
COUNTY AND THE STATE
The state projects significant
growth along the Wasatch Front
in the future; however, available
space for new construction is
relatively limited, and the lack
of affordable residential living
along the Wasatch Frontis a
growing concern.

The latest federal census
reveals Utah's growth among
the top in the nation with Utah
County being the fastest-grow-
ing county in the state. Utah's

population grew by more than
40,000 people — almost 1.4 per-
cent — from July 2013 to July
2014, with a five-year growth
rate that ranks fourth in the
nation, according to estimates
scheduled for release by the
U.S. Census Bureau. During
that year, Utah added almost
14,000 new homes, with a hous-
ing growth rate of nearly 1.4
percent that was second only
to North Dakota.

In the previous five years, Utah
gained almost 43,000 new
homes, ranking third in the
nation. The greater Wasatch
Front area, including Weber,
Davis, Salt Lake, and Utah
counties, collectively gained
almost 29,000 residents that
year, bringing the total to more
than 2.2 million residents as of
July of 2017.

Growth is a function of a variety
of factors. Natural growth rate
in the state is high. Between the
two summers, Utah had well
over 51,000 births and 15,000
deaths. The total estimated
population for the state on July
1 of this year is 2,998,590, indi-
cating the state will likely reach
3 million residents before the
year 2018 is over.

On a statistical basis, Utah is
considered the best state in
the United States in which to
retire and in every measure of
retirement, Utah scored partic-
ularly well. Elderly people have
strong income security and
97% of Utah residents aged 55-
64 are employed. Income at a
median average of $44,000 was
higher than virtually all states.



The Beehive State, which
claimed the number three spot
in 2014 rating, scored above the
national average all around, get-
ting particularly good marks for
low cost of living, comfortable
weather, and good health care.
Utah has the sixth-best weather
in the nation, thanks to its dry
climate and clear, sunny skies.
It's also one of the most afford-
able states in the country. The
state’s health care system is
also top-notch, ranking seventh
best in the country, according

to the Agency for Healthcare
Research and Quality.

While the state projects signifi-
cant growth along the Wasatch
Front in the future, available
space for new construction is
relatively limited. One signif-
icant concern is the lack of
affordable residential living
along the Wasatch Front. “With
only 23 percent of all new
homes built in the last year
priced under $300,000, afford-
ability is an area for concern as
buyers continue to get pushed
out of the market...Affordabil-
ity is going to get squeezed as
prices go up.” See https://goo.gl/
smqSfe

IMPLEMENTATION

Residential living on Utah
Lake development islands will
include significant afford-
able housing options includ-
ing townhouses, multi-unit
condominiums, row houses,
and apartments in addition to
single family units.

Current availability of these
housing options is at an
all-time low. "Housing inven-
tory has fallen well behind
the state’s increasing needs,
and now tens of thousands

of Utahns are searching for
homes, condos or townhouses
that simply don't exist — and
may not be built anytime soon”
See https://goo.gl/4boKgu

Development strategies on
Utah Lake will focus on provid-
ing more available open space,
but also affordable multi-unit
developments to help address
Utah's housing challenges. The
development islands will use
this growth as an opportunity
to fund conservation and resto-
ration of Utah Lake.

DEVELOPMENT PRINCI-
PLES, OBJECTIVES, AND
STRATEGIES

Development principles,
objectives, and strategies

that address community and
social promotion, economics,
transportation, energy, water,
waste collection and treatment,
use of materials, and storm
water management will be
incorporated into the planning,
design, and development of the
Utah Lake Restoration Project
to create an environmentally
friendly, vibrant, and sustain-
able community.
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COMMUNITY AND SOCIAL
PROMOTION

In order to achieve long term sus-
tainability, The Utah Lake Resto-
ration Project will be an attractive
and affordable place to live and
work. This can be achieved
through community design and
strategic development.

The following overarching
principles will guide will guide
community development:

+ Transport and mobility — pri-
oritize walking, cycling, and
public transport and mini-
mize reliance on private cars
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Health and well-being —
enable and promote healthy
lifestyles and provide oppor-
tunities for leisure and social
activity, including communi-
ty involvement

Inclusion — provide equal
opportunities for all types

of people including social
inclusion and access for peo-
ple with mobility problems
or other disabilities

Education — provide educa-
tional opportunities to meet
the needs of its citizens in-
cluding access to schools and
other educational institutions

ECONOMICS

The current regional economic
climate has placed economic
prudence high on the agenda.
However, for truly sustainable
development to be achieved
through the Utah Lake Resto-
ration Project, it will be import-
ant to consider both long-term
economic gains as well as
capital costs and land values.

Within this theme, the follow-

ing overarching principles will

be followed:

+ Employment and business
- the development will
provide and enhance local
employment opportunities
and attract businesses to the
area, regionally, nationally
and internationally

+ Building local capacity - the
development will provide
opportunities for local people
and include skills training to
enhance local capacity

Additionally, the master plan
for the Utah Lake Restoration
Project will address economic
objectives by acknowledg-

ing the social dimension of
economic development. This
means focusing on cost effi-
ciencies and flexible delivery
of the development as well as
establishing viable and sus-
tainable employment opportu-
nities throughout the develop-
ment of island communities.



TRANSPORTATION

Since innovative modes of
transportation are the back-
bone of the community, the
focus will be to reduce con-
gestion and environmental
impacts, such as air pollution,
while meeting transportation
and mobility demand.

Strategies will focus on
improving local and regional
access as well as promoting
efficient and diverse transpor-
tation options within the entire
community itself.

Transportation objectives will be
toreduce vehicle miles traveled
and promote public transit and
attractive transportation options.

Adverse impacts of transpor-
tation that will be minimized

throughout the development are:

+ Depletion of finite natural
resources and fossil fuels

+ Emissions of CO, that con-
tribute to climate change

+ Air pollution

+ Vehicles noise

+ Congestion

Aims and objectives that will

govern the community design
process are:

+ Reduce vehicle miles
traveled and trips made by
personal vehicles

+ Increase the efficiency of
public transit and logistics

+ Reduce emissions from fuels
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Methodology used to achieve
these aims are:

+ Introduce a state of the art
transportation system

+ Connect toregional high
speed rail

- Create a walkable street
network

+ Develop and manage
bike-share and car-share
programs

+ Use the latest technology
in intelligent transport
systems

+ Encourage solar-powered,
electric, and autonomous
vehicles through communi-
ty design
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ENERGY

Achieving an energy efficient
city requires planning at the
city, district, and building scale.
Identifying renewable sources
of energy is a critical energy
strategy for modern 21st centu-
ry cities and will be incorporat-
ed throughout the community
planning and design process.

The strategic, climate-respon-
sive orientation of the urban
fabric and street grid can maxi-
mize efficiency through passive
design. Demand reduction in
buildings will be achieved by
design of the building facade/
envelope to minimize solar
gain, the use of efficient me-
chanical and electrical systems,
low-energy-use appliances, and
natural systems (e.g. ventilation
and daylight).

The overall aims and objectives
for community-wide energy
reduction are:

+ Minimize energy demand
and C02 emissions

+ Maximize efficient use and
distribution of energy supplies

+ Maximize the efficient gen-
eration of energy supplies

+ Maximize renewable energy
opportunities

The strategies for achieving
the energy reduction goals are:

+ Use renewable energy, in-
cluding waste-to-energy and
large-scale solar power

+ Minimize solar gain and
optimize passive cooling

+ Implement smart grid tech-
nology

+ Promote cool roofs and other
energy efficiency strategies
at the building scale

+ Establish building design
guidelines for efficient ener-
gy, water, and waste systems
and overall human comfort

The potential benefits are:

+ Reduced energy consump-
tion and waste

+ Reduced system installation
and operational costs

+ Increased security of supply

+ Air quality/environmental
benefits

+ Community pride/public
health/well being

+ Attractive marketing for the
entire planned community




WATER

Fresh water is an incredibly
valuable resource in Utah. Po-
table and wastewater networks
will be designed to promote
efficiency, reuse, and conserva-
tion. Water use and energy or
pumping can best be reduced
by undertaking full system
modeling of the site-wide net-
work. Water for irrigation and
wet-system cooling of buildings
will be the largest demands.

The best practices for sus-
tainable urban water systems
that will be designed into the
overall community master plan
and implementation strategy
include:

+ Efficient potable water sup-
ply and foul water treatment
systems

+ Promotion of consumer
conservation

+ Prioritize native and wa-
ter-efficient plants in urban
landscapes

+ Avoid evaporation in irriga-
tion systems

+ Active and passive rain
harvesting

+ Grey and black-water reuse
The strategic aims and ob-

jectives for the community
development are:

+ Achieve city-wide water
balance

+ Conserve natural water
resources

+ Reduce energy consumption
due to water pumping and
treatment

+ Prevent water quality impacts

Strategies for achieving the

alms:

+ Reduce demand for potable
water

+ Reduce demand for irriga-
tion water

+ Minimize water lost by evap-
oration

+ Use leak-detection devices to
correct leaks quickly

The significant communi-
ty-wide benefits are:

+ Reduced water consumption
and wastage

+ Reduced system installation
and operational costs

+ Water quality/environmental
benefits

+ Attractive marketing for the
community

WASTE COLLECTION

AND TREATMENT

Waste is best dealt with at

a community-wide level. A
sustainable waste strategy
involves financial incentives to
reduce waste sent to land-
fills, procurement strategies
to reduce waste generated
on-site, and regulation to
restrict industrial and hazard-
ous waste effluents (solid, air,
and water). Throughout the
master-planned community
an AVAC (automatic vacuum
waste collection system) will
be developed and used.

The automated vacuum waste
collection system, also known
as pneumatic refuse collection,
or automated vacuum col-
lection (AVAC), will transport

waste at high speed through
underground pneumatic tubes
to a collection station where

it is compacted and sealed in
containers. When the container
is full, it will be transported
away and emptied. The system
helps facilitate separation and
recycling of waste.

The process begins with the
deposit of trash into intake
hatches, called portholes,
which will be specialized for
waste, recycling, or compost.
Portholes are located in public
areas and on private property
throughout the community.

The waste is then pulled
through an underground pipe-
line by air pressure difference
created by large industrial
fans, in response to porthole
sensors that indicate when the
trash needs to be emptied and
help ensure that only one kind
of waste material is traveling
through the pipe at a time.

The pipelines converge on a
central processing facility that
uses automated software to
direct the waste to the proper
container, from there to be
trucked to its final location,
such as a landfill or compost-
ing plant.

Aims and Objectives:

+ Reduce waste generation
and pollution

+ Reuse and recycle waste
+ Recover energy from waste

+ Appropriate treatment and
disposal of industrial efflu-
ents and hazardous waste
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Strategy for achieving the aims
and objectives:

Develop a city-wide “zero
waste” attitude, training and
practice

Reduce excess materials
imported into the site

+ Install AVAC system prior to

land development

+ Compost organic waste and

use on-site

The potential benefits are:

+ Less pollution, traffic, noise

and collection bins

Long-term reduced costs of
waste disposal

Income from waste streams

Community pride/public
health/well being

MATERIALS

Since land and community
development is, primarily, a
‘reclamation” project, one of the
most important strategies to
limit its environmental and cost
impact is balancing the dredged
and fill used to build the site.

commitment will be made to
assess recycled content on all
construction projects.

Aims and Objectives:

+ Reduce quantities of materi-
als used

+ Maximize reuse
+ Reduce the generation of

waste and waste sent to
landfill sites

Strategy for achieving the aims:

+ Use high recycled-content
and certified-sustainable ma-
terials throughout the project

+ Use materials with low
embodied energy and emis-
sions of Volatile Organic
Compounds

+ Design for reuse and recycling

+ Implement Construction
Environmental Management
Plans and Site Waste Man-
agement Plans

The potential benefits are:
+ Reduced construction costs

+ Reduced costs of waste
disposal

STORM WATER
MANAGEMENT

Utah Lake lies within a large
and complex watershed system
that can deliver significant
flows of regional storm water

to the Lake and to the proposed
development site. In this con-
text, the development of a com-
prehensive storm water man-
agement strategy is essential

to protect and properly manage
the community. Maintaining
the natural drainage channels
and hydrological function of the
region and created land masses
will also be important to protect
the fragile marine ecosystems.

The master planned commu-
nity will integrate a city-wide
green infrastructure network
to manage regional flows and
on-site runoff. This network
will include the following best
management practices:

+ Naturalized drainage and
storage channels to convey
and slow regional flows

+ Bioswales to convey on-site

Dredge-and-fill requirements + Reduced risk of expensive
will be planned and balanced, pollution incidents

both for the entire city and for - Good construction practices
each development plot.

runoff

+ QOil interceptors to collect

pollutants
+ Community pride/public

health and well being

+ City and district parks to
serve as detention basins

Construction materials will be
selected to minimize depletion
of nonrenewable sources and
adverse environmental im-
pact. This will favor materials
certified as from sustainable
sources, having low embodied
energy, and sourced near to the
development to reduce adverse
transport impacts.

To ensure products and ma-
terials with defined and high
recycled-content are used, a
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Adverse impacts of inadequate
management system:

+ Flooding of developments
and damage to property and
infrastructure

+ Polluted runoff entering ma-
rine ecosystems

+ Risk to public safety

+ Disruption of natural nutrient
and groundwater flow to ma-
rine ecosystems

Aims and Objectives:

+ Limit risk of flooding

+ Protect natural hydrological
character

+ Limit development in floodplain

+ Protect health of marine envi-
ronments

+ Create arobust and climate
change ready storm water
management strategy

+ Protect important drainage
ecology throughout site

Strategy to achieving the aims:

+ Prioritize sustainable urban

drainage systems

+ Plan for climate change im-

pacts in storm water models

+ Design natural conveyance

and storage system for re-
gional flows

Manage and treat on-site
runoff before it enters ma-
rine environments

Significant Benefits:

+ Create sense of place rooted
in natural drainage systems

+ Improve water quality

+ Protect development and
public safety

+ Protect and enhance natural
environment

+ Reduce infrastructure costs
of conventional pipe and
treatment system
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COMMUNITY-WIDE
ENVIRONMENTAL
DEVELOPMENT
IMPLEMENTATION
Delivering sustainable and
responsible development con-
sistent with the Utah Lake Res-
toration Project vision and the
development principles, objec-
tives, and strategies described
above at the community level
will require strong leadership
and commitment from the
owners of each site-specific
development and their devel-
opment partners. It will involve
taking the long-term view,
considering whole life costs
and best value rather than the
short-term economics.

Throughout the master plan-
ning and development process
the following planning objec-
tives will be applied to ensure
adherence by all to the project
goals and objectives:
+ Create walkable neighbor-
hoods/districts within the
natural landscape framework.

+ Provide an identifiable, at-
tractive, and fluid hierarchy
of connected, narrow streets
and boulevards

+ Deliver an abundance of
neighborhood/community
parks, trails, and open space

+ Develop connections, linkag-
es, and exposure to the water
environment

+ Create dynamic live-work
environments and vibrant
commercial centers

+ Provide rich diversity of
housing types, superior
education, commercial, and
recreational opportunities

At the site-wide level, quantita-
tive targets will be set covering
a range of social and environ-
mental issues, and developers
of individual plots or buildings
will be required to comply with
these targets. At the building
level, an environmental assess-
ment tool, for example LEEDS
or better, will be used to help
ensure optimum performance
is achieved.

To ensure delivery of the ap-
propriate level of performance,
developers of individual plots
or buildings will be required to:

+ Create a vision for the
site-specific development,
reflecting the vision, goals,
and objects of the Utah Lake
Restoration Project master
plan, policy drivers, and
comparisons with interna-
tional paradigms

+ Agree on environmental
sustainability performance
objectives of the Utah Lake
Restoration Project

+ Evaluate the cost and value of
achieving expected levels of
performance targets

+ Agree on final performance
targets

In each development case

and throughout the planning
and design, detailed viability
testing and technical analysis
will be required to demonstrate
which of the proposals are
deliverable relative to the final
land-use mix, phasing, condi-
tions, and design regulations.

COMPREHENSIVE
DEVELOPMENT

PROGRAM

The design and development
team will use a collaborative ap-
proach that integrates the best
sustainability practices, research
driven market parameters, cost/
benefit implementation strate-
gies, and dynamic urban design
and place-making strategies.

The team'’s extensive interna-
tional experience and collabora-
tion will allow the team to bring
together local, national and
international cooperating com-
panies, providing the profession-



al resources to the community
design process with experienced
global practice leaders.

The master planning process
will deliver a community
vision and development plan
that is both sustainable and
responsive to market condi-
tions, environment and region.
A primary component that will
prevail throughout this project
will be to provide a sustainabil-
ity framework for the project at
every level of scale—regional,
city, district, block and building.

The overarching sustainability
strategies established at the
outset of the comprehensive
development program will be
integrated into the plan and
the built environment. The
strategy will be crafted by the
design team and will provide a
basis for the overall direction
of the project.

One of the most important and
significant control measures

used to create and ensure the
development program strat-
egies enforced are the devel-
opment control regulations,
zoning ordinances and land
use policies created in the
initial planning phases.

Given the complex and dynam-
ic nature of the development
and the fact that it will take
years to achieve the ultimate
build-out as envisioned, the de-
velopment team recognizes and
acknowledges that detailed reg-
ulations, constant monitoring
and enforcement is mandatory
in order for the comprehensive
development plan to remain
viable, realistic, and consistent
with the project objectives.

In principle, the comprehen-
sive development program is
intended to be a living docu-
ment, responsive to changing
conditions and requirements,
yet providing a sound basis
for controlling long-term

THE UTAH LAKE RESTORATION PROJECT - JANUARY 2018

development. Thus, an im-
portant responsibility will be
to monitor and regulate the
urban development process
by creating, implementing,
and monitoring development
control guidelines, land-use
policy and zoning regulations
that will include standards to
be adhered to for Urban Design
and Landscape Architecture.

Other specific guidelines such
as urban architecture will be
provided by the design team
and specialized consultants
will assist in the development
of the project as per the estab-
lished vision.

In total, these regulations will
provide control guidelines for
the development in the various
districts including procedures
to be followed that are appli-
cable to standards for plot de-
velopment, details on the land
use zones, including permitted
uses.
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IMPLEMENTATION

he Utah Lake Resto-

ration Project will uti-

lize Provo Bay to ini- UTAH LAKE RESTORATION PROJECT PHASING

tiate Lake restoration
efforts. To ensure its success,
careful implementation of the
project will begin by transform-
ing Provo Bay utilizing the res- .
toration principles that will be

employed on the greater Utah . .
Lake ecosystem. The complex- Phase 2: Dredging and Lake Conservation (8 years)

ity of Provo Bay restoration will

require the coordinated efforts _
from experts with varying
fields of specialization.

Phase 1. EIS Approval, Final Engineering & Design (2-4 years)

Phase 3: Development (25 years)

Development starts in year 3 of dredging
will serve multiple purposes:
+ Provide a healthy ecosys-

tem for the recovery of the 3 0 YEARS

threatened June sucker

+ Provide preliminary project
for dredging, dewatering, com-
paction, and environmental
reclamation implementation

+ Provide a controlled environ- + Allow Utah residents and the restoration of Provo Bay
ment in which to introduce, tourists to view and partici- will provide science, data, and
breed, and support the return pate in conservation efforts direction to how our team can
of native vegetation, aquatic, « Renew public interest in more successfully implement
and terrestrial species to the Utah Lake and its potential the master restoration plan for
lake's ecosystem as a recreation destination Utah Lake.
+ Provide advanced educa-
tional and scientific research By providing a small-scale ver- Provo Bay will illustrate the
opportunities sion of the much larger project, mechanisms for restoration of >
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Utah Lake. Here are several of
the important components of
Provo Bay restoration:

1. Construct a world-class
fish hatchery to protect and
grow June sucker popula-
tions as well as their food
source, namely zooplankton

2. Upgrade wastewater treat-
ment plants

3. Dredge, create bay islands
and the causeway to isolate
Provo Bay from the rest of
Utah Lake

4. Net all possible June sucker
from Provo Bay and its
tributaries for safe keeping
and controlled breeding in
fish hatchery

5. Removal of invasive plants

6. Removal, both mechanical
and chemical, of carp and
invasive aquatic species
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7. Provide support necessary
for improving water quality
(mechanical pumping, aera-
tion, biofiltration, etc)

8. Restore littoral, emergent, and
riparian plant communities

9. Re-introduce and advance
recovery of the June sucker

Greeﬂspace
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®

and zooplankton popula-
tions into Provo Bay

10. Provide infrastructure for

the community outreach
program and the Utah Lake
Commission



HATCHERY AND JUNE
SUCKER CAPTURE

The Utah Lake Restoration Proj-
ect has prioritized the construc-
tion of a 140,000 square feet
world-class fish hatchery on the
shores of Provo Bay.

The hatchery will be the biggest
in the continental United States
and will also be used to re-es-
tablish not only June sucker,
but also Bonneville cutthroat
trout and seven minnow spe-
cies.

The minnows include least
chub, Bonneville redside shiner,
mottled sculpin, northern and
southern leatherside chub, long-
nose dace, and speckled dace.

The hatchery will be capable

of producing 500,000 June
sucker, two million Bonneville
cutthroat trout a year, and eight
million minnows a year. The
hatchery will be based on the
layout and technology used

in Alaska's WJH Sport Fish
Hatchery, but will also include
an aquatic plant rearing facility
that will provide the initial
plant starts for the littoral zone
plants as well as tanks for
zooplankton.

Before restoration of June
sucker begins, Provo Bay will
be isolated from the rest of
Utah Lake. Once all control
measures are in place to isolate
Provo Bay, systematic netting
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of all possible June sucker
from Provo Bay and its tributar-
ies will be completed. Place-
ment of June sucker within the
fish hatchery will be conducted
in coordination with the resto-
ration of Provo Bay.

The adjacent Community
Education Center will educate
visitors about the importance
of the watershed, what role
each plant, aquatic species, and
fish play in the ecology of the
Lake, and how the Lake will be
preserved and restored. The
hatchery will later be connect-
ed to the elevated trail system
in Provo Bay which will provide
opportunities for bird watching,
education, leisure, and fitness.
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DREDGING AND CREATION
OF CAUSEWAY AND BAY
ISLANDS

The sequence of the work
involved in the Utah Lake
Restoration Project will follow
key milestones and subsequent
timelines. Initial work to isolate
Provo Bay by dredging and
causeway construction will
lead the construction efforts.
Much of the construction
equipment will be low pressure
type equipment, shallow water
draft skiffs and long reach
excavators.

Once the fish hatchery is
completed and June suckers
within Provo Bay are captured
for retention and breeding, the
bulk of dredging inside Provo
Bay will commence in parallel
with efforts to remove Phrag-
mites within the bay area.
Provo Bay is nominally 3-4 feet
deep and will be easily dredged
in some areas to 10-12 feet deep
with dredged materials being
used to create a dam/causeway
separating Provo Bay from the
rest of the Lake.

Once the causeway fill is estab-
lished and compacted, a con-
crete and steel weir system will
be constructed. The causeway
construction will incorporate

a concrete reinforced channel
with hydraulically operated
weir gates to actively manage
water levels within Provo Bay.
At times, the objective may be
to hold Provo Bay near com-
promise elevation. Maintain-
ing the bay near compromise
elevation during restoration
activities will facilitate the
environmental improvement

of both the littoral and riparian
zones. Maintaining the water
depth at a more constant level
is ideal for the bay to act as an
initial holding ecosystem for
smaller fish released from the
hatchery. This system will al-
low water to move from Provo
Bay to the Lake and will be-
come a primary discharge for
fish transport to the Lake as the
project progresses. It will also
allow for improvements and
management of feeding, nest-
ing, and brood rearing habitat
for shore birds, migratory birds,
and other wildlife species.

When the weir is operation-

al, the environmental team
will manage the treatment of
Provo Bay with rotenone to
eliminate carp and all invasive
fish species. This will allow
the restoration of the riparian,

emergent, and littoral zones.
Treatment will be conducted
at desired times of the year
and after netting of the bay

to limit or eliminate impacts
to desirable aquatic and fish
species. Once carp and preda-
tory invasive fish are removed
from Provo Bay, tributary
management and treatment
will ensure that undesirable
fish species do not accidentally
re-enter Provo Bay.

The environmental team can
then begin restoration of native
plant communities by trans-
plants of littoral zone mats and
plugs, planting of seedlings
and application of hydro-seed-
ing in the riparian zones. The
dredged material is very high
in nitrogen and will perform
well as host soil for riparian
based plantings to flourish.




COMMUNITY EDUCATION
CENTER

Located in Provo Bay along the
Hobble Creek River, the Commu-
nity Education Center will act as
a public hub for updated project
information and an educational
center for K-12 children.

Construction of the center's
open park and green space im-
provements will significantly
add to Provo Bay'’s architectural
content. The center will have

a commanding view of Provo
Bay from inside and out and
will have extensive outdoor
gardens reflective of the area
with a variety of native flora
and fauna.

The Community Education
Center will be situated near the
fish hatchery where it will be
utilized as offices for the June
sucker Restoration Team, the
Utah Lake Commission, and
lab space for various university
studies and research teams.

The Community Education
Center will also be utilized for
the K-12 education program and
will display Utah Lake historical
models, hands-on labs and re-
search areas, and multi-media
centers for various productions.
Participants will be able to take
educational tours of the hatch-
ery and along outdoor raised
walkways. They will have the
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opportunity to participate in
multi-year lab studies and
research projects relating to the
watershed.

Students will have the oppor-
tunity to participate in the
restoration project within a
class setting or on an individ-
ual basis.

The Lake Restoration Solutions

team will work closely with the

Utah Lake Commission and

Utah County Visitors Center to

create a combined Community
Education Center that serves

the public and the lake’s associ-

ated partners with world class
educational presentations. >
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K-12 SCHOOL EDUCATION
PROGRAM

Restoring our relationship to
Utah Lake and its watershed is
fundamental to the vision and
restoration strategy of the Lake
Restoration Solutions team.
Through place-based education
programming and infrastruc-
ture, K-12 students in the Utah
Lake Watershed will become
stewards of lake restoration,.

Utah's Science with Engineer-
ing Education (SEEd) standards
will be integrated into a com-
prehensive K-12 program that
uses the natural history and
phenomena of Utah Lake and
its watershed as their context
for learning. The three-dimen-
sional program will support
world-class science literacy

and engineering design as
students progress through their
thirteen years of scholarship
and stewardship.

Curriculum resources and
professional learning will
integrate all discipline areas

to support teachers. Studying
Utah Lake phenomena, under-
standing its issues, and solving

related problems creates an
authentic real-world education
for every child.

Higher Education collaboration
with Utah Valley University
and Brigham Young University
will provide sustainable cross
benefits for research and engi-
neering. Industry and business
within the watershed will inte-




grate Utah Lake commitments
that will support ecological and
economic health in the region.

Communities adjacent to Utah
Lake and in the watershed will
thrive through enhanced recre-
ational and educational activ-
ities for families and individ-
uals. Healthy lake and healthy
lives are intertwined. The more
we do for the Lake, the more
the Lake will do for us.

The infrastructure improve-
ments circling Utah Lake will
provide access points for rich
experiences and destina-
tions. Provo Bay will welcome
school field trips, families,
researchers, scientists, and
tourists to a state-of-the-art
Restoration Center and Fish
Hatchery. Interactive displays
and hands-on activities will
engage visitors to better un-
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derstand, appreciate, and care
for the Lake.

Outlook sites around the

Lake will highlight Utah Lake
phenomena, natural and cul-
tural history, and restoration
activities. These sites will all
be dynamic places of interac-
tion that welcome recreation
and play but also invite citizen
science and stewardship as we
look forward and back.
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PROVO BAY
DEVELOPMENT

Land dredging in the Provo
Bay area will add 2,197 acres of
project property for Utah Lake
Restoration Project infrastruc-
ture buildings, warehousing,
maintenance, and offices for
environmental and engineer-
ing teams.

Some of the acreage will be
improved and developed to
generate financial resources to
fund restoration of Provo Bay
and construction of the Provo
Bay fish hatchery. Some areas
of Provo Bay are planned for
smaller commercial and resi-
dential construction that will
accompany the early dredg-
ing and construction efforts,
further augmenting funding
needed to support the hatchery
and nursery facilities and con-
servation on Utah Lake.

A key improvement during the
early works efforts is the con-
struction of the Provo Bay dike/
causeway with an integrated
lock system allowing boats to
move between the bay and lake
during elevation differences.

Utah Lake annual elevation
range is -2'- 6" to -4’- 0" in low
snow years. That range will be
reduced significantly after lake
dredging is complete. However,
during dredging of the Lake, a
lock system will be required for
boats traveling to the some-
times lower elevation of Utah
Lake from Provo Bay.

The hydraulic weir system will
incorporate all earthen dam
measures for controlling, re-
leasing, and storing water. The
lock system will include solar
powered water pump-back sys-
tem capable of pumping water
from one side of the causeway

to the other helping keep water
in the bay just below compro-
mise elevation.

Master planning for these Provo
Bay developments will utilize
the architectural, environmen-
tal, and structural improve-
ments to publicly share the
restoration vision and sense for
the large restoration project.

Constructing a causeway
across the mouth of Provo Bay
will be much more than just
building a dam, it will expand
our early development progress
on Provo Bay and house com-
mercial and residential devel-
opment zones. Maintaining the
compromise elevation greatly
stabilizes the littoral zone in
Provo Bay which optimizes the
ecosystem and hatchery as
excellent intermediate holding
area for all species recovered
within Provo Bay. m




A PROJECT
WORTH THE EFFORT

Considering the size, location, and ecological importance of Utah Lake,
the promise of comprehensive restoration is an objective worthy of
such monumental collaboration and investment by the State of Utah
and its citizens. It will provide a vibrant crown jewel of waterfront
living adding to the already tremendous natural wonders of Utah.
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DREDGING AND
ISLAND CREATION
o

Dredging Utah Lake and forming islands provide the
foundation for restoring the entire lake ecosystem.




redging of Utah Lake
and formation of is-
lands will provide an
- important foundation
to the restoration of Utah Lake.
As discussed in the conserva-
tion solutions section of the
proposal, there is extensive
modeling, engineering, and de-
sign involved with the result-
ing lake bottom bathymetry,
island shape and placement,
and desired improvements to
wind and wave action, lake
circulation, water quality im-
provements, and conservation
benefits.

The conservation benefits of
dredging and island creation
have previously been discussed
on pages 35-46. This section
will outline the operational exe-
cution of phase II, including im-
plementation of the following
infrastructure improvements:
+ Mapping natural springs in
the lakebed
+ Dredging the Lake

+ Forming estuary, recreation,
and development islands

+ Mechanical compaction

+ Planting littoral and riparian
zones, including on estuary
islands

+ Installing lake aeration
systems

+ Installing lake biofiltration
systems

+ Rehabilitating the lake
shoreline
Completing a lake trail
system

+ Installing public beaches

x
\

--THE ARCHES--
DELICATE ARCH

Island Circ,  #af % of Total
Area Dates Acres Cubic Yards Lt GeoTubes  Dwedging

- 2933 125,065,654
172026 - 1/2028 4000 TBD __140.000.000) 500000 8772
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SPRING MAPPING

Natural springs occur in Utah
Lake through fissures and
rock splits under the Lake.
These springs represent a vital
clean-water resource, and
will be mapped, studied, and
responsibly managed as part
of the Utah Lake Restoration
Project implementation. One
well-known spring is in the
northern region of Utah Lake,
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west of the Provo river inlet.
This spring forms a deeper
water channel in the lakebed
which is approximately 60 feet
deep and is responsible for

up to 6% of the water ingress
to the Lake annually. Prior

to dredging, the Lake Resto-
ration Solutions team will map
the springs on Utah Lake by
sampling and studying the
lake bottom. Water samples
will be taken and tested for pH
and water quality. Additionally,
volume of discharge will be
determined.

Many springs in the region are
of a seasonal nature with flows
directly correlating to the snow
pack volume and resulting
spring runoff. In each of these
cases, further hydrology and

engineering studies including
cost-benefit and environmental
analysis would be required to
ascertain the best use of each
spring. Capping and piping
sub-surface water springs may
be considered if the aquifer
and water pressure are of a
consistent magnitude through
the year. Location, flows, water
quality, and other data collect-
ed will be shared with relevant
State of Utah agencies. The
springs are not considered as a
primary water source for the is-
land residential or commercial
development. Rather, springs
will be monitored for potential
impacts to water quality, water
movement, construction of
islands, lake bathymetry, water
circulation, and overall conser-
vation planning.

Possible uses of spring water

include the following:

+ Larger springs may be piped
to the surface of islands and
circulated through water
features on the islands

+ Springs could be piped into
water storage tanks on rec-
reational islands for use as
potable water

+ Captured spring water from
the lake bottom can be uti-
lized in engineering designs
to further increase lake cir-
culation and oxygenation

A possible scenario that will be
analyzed as part of dredging
modeling and design will be
the role of springs with lake
bathymetry and circulation. We
will also analyze the impacts
of springs on island design



and creation. Surface spring
development will largely be
predicated on the location

of the spring. If a significant
spring were located under a
major island development,

the water would be brought to
the surface by driving a steel
sleeve and pouring a concrete
jacket around the spring, and
installing an adequately sized
HDPE nipple and piping. For
such an effort, specialty divers
would be sourced to bring in
proper equipment, such as div-
ing bells, to competently sleeve
and pipe the spring water to
the surface.

Such efforts would likely be
needed if the spring poses a
risk to the structural integrity

of the island being constructed.

We do not anticipate capping
or plugging any sub-surface
spring with dredge waste ma-
terial, and the quality assur-
ance/quality control ("QA/QC")
program for dredging will en-
sure that this does not happen.
Doing so would create a risk of
increased aquifer pressure that
could result in erosion of the
structural fill, compromising
the integrity of the island.

Mapping and studying natu-
rally occurring springs is an
important first step in Phase II
of project implementation, and
monitoring for new springs will
continue during lake dredging,
to ensure that these valuable
water resources are respon-
sibly utilized and contribute

to improved conservation on
Utah Lake.

DREDGING

During the EIS Approval stage
(18-36 Months), the Utah Lake
Restoration Project team will
collect 520 Vibro Core Sam-
ples on the lake bottom at a
minimum of 20 feet to measure
existing conditions and devel-
op data for dredging type and
selection. Also a minimum of
12 deep-core drilling locations
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(200 Ft +) will be mapped to as-
certain soil characteristics on
the main development Islands
where significant construction
will take place.

All drill samples retracted
during drilling will be analyzed
for material classification and
sieve analysis. All samples will
be stored in core boxes and
retained for the record and
future scientific analysis. Using
3D modeling the Lake Resto-
ration Solutions engineering
team will create a map of the
top 15 feet of sediment over
the entire lake bottom. All core
samples will be used by geo-
technical engineers, including
equipment types and volume
estimates of fill types to devel-
op the dredging plan and as re-
quired for island development.

CORE SAMPLES
Collecting core
samples on the lake
bottom will measure
existing conditions
and inform the
dredging plan.
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Mapping the location of rock,
sand, clay, gravel, calcite and
other types of soil is critical to
the execution and deposition
of materials during dredging,
ultimately optimizing dredging
and island construction.

Dredgers will all be comput-
erized with the latest GPS and
monitoring technologies so
that during daily dredging op-
eration dredging plan with GPS
coordinates will display on the
operator’s screen and give the
operator locational awareness
and specific daily dredging
goals. This same system will
play a vital role in providing
up-to-the-minute details on
dredge location, pump volumes,
and final quantities which will
help planners plan the daily
and even hourly dredging
plans. All these functions will
be specifically designed to
ensure removal and encapsula-
tion of fine sediments, removal

of nutrient loaded sediments,
deepening of the Lake, contour-
ing of the lake bottom, creation
of deep-water channels, and
creation of the desired lake
bathymetry.

Current estimates suggest

that a fleet of 55-60 dredgers
working 20 hours a day, 6 days
per week will be required to
complete all dredging within

8 years. The initial schedule
includes two months in the
winter when dredging works
will likely be suspended. During
the winter all dredging, pump-
ing and heavy equipment will
be processed through a detailed
preventive maintenance pro-
gram to provide reliable equip-
ment readiness in the spring.

The depth of dredging will vary
in different parts of the Lake
based on data gleaned from
core samples and on specified
engineering designs. Some

areas may be dredged by as
little as 18 inches, while other
areas may be dredged up to

90 feet to create deep-water
channels. Our current engi-
neering designs suggest that to
deepen the Lake to the desired
levels, upwards of one billion
cubic meters of material will
be dredged from the bottom

of Utah Lake as part of this
project. Studies, engineering,
and implementation schedules
will continue to be fine-tuned
throughout the course of

the project to ensure desired
engineering and conservation
outcomes.

ISLAND CREATION
Creating islands involves the
following:

+ Outlining island shapes with
geotubes

+ Infilling island outlines with
engineered dredge material
mixtures

+ Contouring the island for
natural appearance

+ Compacting and dewatering
the soil with dynamic com-
paction machines

+ Completing the shoreline
with riprap, sand, gravels,
and soft short plants

<

ISLAND CREATION
Creating islands to dot the
lake achieves critical eco-

logical objectives



ISLAND OUTLINE

Initial dredging will gather and
encapsulate the fine sediments
from the top 12 inches of lake
bottom, placing them into
geofabric socks also known as
geotubes. Geotubes are used to
encapsulate, consolidate, and
compress fine sediment.

The practice of encapsulation
or capping has proven an
effective method to mitigate
fine sediments while adding
structural integrity to the
material below and above the
geotubes. The geotubes that
will be placed throughout Utah
Lake will be used to create the
outline shape of islands and
are an approved technology of
the Army Corps of Engineers.

Geotubes are designed to

allow water to seep out of the
tube, yet retain the sediments.
The solids can be effectively
encapsulated in a series of
HDPE Socks which contribute
to the structural capacity of the
islands.

Once in place and filled with
the finer particulate matter,
these tubes will be placed by
GPS per the design specifica-
tion and oriented to be secured
to the bottom of the Lake and
to each other. The annular
configuration of geotubes holds
dredged material comprising
the island core and above-
grade structures. Initial designs
indicate that islands outline
will create 190 miles of island
shoreline. 33,423 total tubes
will be needed to create these
island perimeters.

IMPLEMENTATION
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ISLAND INFILL Q

Once the outline of the island
is completed with placed geo-
tubes filled with sequestered
dredge sediments, dredgers
will infill the inside of the
island with an engineered
mixture of dredged materials.
Lake Restoration Solutions
Engineering Team will use
the Vibro core samples from
different areas of the lakebed,

Geotextile tube solution provided
by Infrastructure Alternatives,
Inc. demonstrating fine sediment
encapsulation. See iaiwater.com
for more information.
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to determine the ideal mixture
of materials to achieve desired
compressive strengths. If need-
ed, materials will be trucked in
from nearby gravel mines to
supplement lakebed materials.
The Utah Lake Restoration
Team has experience working
with far less ideal substrates,
including low viscosity clay,
mud, sand, and other challeng-
ing soils, to create islands and
other sizable infrastructure
projects.

With correct soil engineering,
draining, and compaction, the
materials in Utah Lake are
suitable for island creation and
development. The final weights
and heights of building will be
engineered based on stability
of soils and use of engineered
foundation technologies.

ISLAND CONTOURING

Once island infill is completed,
a long reach backhoe will dig
out and berm up dredged ma-
terials around the island so an-
other infill layer can be dredged
by approximately a 4 foot to 8
foot depth. Infill of diking will
be used to raise the level of the
islands to desired elevation,
this could reach elevations of
more than 100ft on some parts
of recreation islands.

Diking and infill can be utilized
on any part of the islands to
create desired natural con-
tours. Once all material has
been added to the island, final
contouring and grading can be
implemented before dynamic
compaction machines compact
the islands.

The islands in the Utah Lake
Restoration Project are each
uniquely designed in both
shape and contour to meet a
number of objectives, includ-
ing the following: controlling
wind and wave action, creating
aesthetically pleasing and
natural appearing islands, cre-
ating premier lakefront living
opportunities, and maximizing
recreation and tourism oppor-
tunities.

Completing the shoreline

A final step of island creation is
completing the shoreline. The
Utah Lake Restoration Project
will use a variety of materials
to cover the geotubes and give
a natural appearance and pro-
vide variety and beauty.

As with nearly all aspects of
the Project, the shoreline will
be purposefully engineered to
meet other functional conser-
vation objectives. The geotubes
are critical to the structural

! See TenCate Geosynthetic web site; www.geotube.com
2 See Uniform Building Code 20XX, section page and Paragraph

integrity of the islands and the
shoreline coverings will pro-
vide protection so the tubes are
not exposed to the elements.
Some shorelines are more
prone to exposure to wind and
wave action and powerful ice
flows. These elements can be
mitigated by the use of estuary
islands to protect residential
and public spaces, and using
riprap stone in strategic loca-
tions will further protect shore-
lines from erosive elements.

Soil compaction and
dewatering

The structural capacity of
islands will be engineered and
designed using a combination
of Geotube Synthetic Mem-
brane!, rip-rap stone for break-
water and engineered fill.

All considerations for full
compliance to the Uniform
Building Code, Utah County
Seismic Zone? and Army Corps
of Engineering standards will
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PVD drain solution provided
by Geosynthetic Solutions
demonstrating soil dewatering
and compaction. See ceteau.
com for more information.

be mandatory. Construction
compliance will also address
needs including: seismic zones,
liquefaction, wind and wave
erosion, and foundation sup-
port. Engineering and geotech-
nical studies will be addressed
in the final design phase prior
to any structure development.

Key information to establish
soils loading capacity of the
proposed islands and viability
of the structures will be ascer-
tained following early prelim-
inary boring logs and ana-
lyzing the material produced
by dredging the Lake. Soil
boring to depths up to 200 feet
will determine the substrate
topography in critical sections
of the Lake. All soil boring
samples will be evaluated by a
licensed soils laboratory and
by the Utah Lake Restoration
Project engineering team.
Records of all findings will be
on file for audit purposes by
an authorized third party to
confirm findings, core sample
locations, sediment gradation,
geology and summary report-
ing content.

Structural capacity will be

developed over time utilizing

a number of methodologies

including:

+ Moisture wicking HDPE
products to accelerate drain-
age of dredged materials

+ HDPE screened fabric to re-
tain sediment and anchor fill
areas to the lake bottom

+ Micro Piling, auger cast pil-
ing, H Piling, tapered screw
piles, and soil piles may be
utilized to optimize building
foundations during con-
struction

+ Detent time drainage com-
paction, dynamic compac-
tion equipment, sheep’s foot
compaction, vibrating plate,
and heavy equipment may
be utilized to optimize soil
bearing capacity on all struc-
tural islands

+ Soil bearing capacity and
soils classification will be
confirmed by conducting on
site load testing and report-
ing results through the Quali-
ty Assurance/Quality Control
(the "QA/QC") program

Compaction of dredged materi-
al is a key engineering deliv-
erable for the Lake Restoration
Solutions team. Numerous
compaction methodologies are

a\
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likely to be required to provide
the structural capacity for com-
mercial, multi-level structures,
light industrial and residential
project development.

Ground settlement, bearing
capacity, liquefaction, soil
heaving, moisture wicking, and
substrate shear response are
factors that will be remediated
as compaction on the Arches
Islands is completed prior to
structure construction. This
portion of the project is con-
sidered high-value and will be
controlled using the Lake Res-
toration Solutions Engineering
Team and QA/QC Execution
Plan under the Soils Engineer-
ing organization. All findings,
test results, construction re-
ports, compaction reports, daily
field reporting, soils laboratory
findings, and summary reports
will be retained for subsequent
scientific evaluation. Critical
reviews by outside third-party
soils engineering professionals
will be provided for verification
throughout project execution.
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'\ DYNAMIC COMPACTION

Initial delivery of the dredged
soils area on any given island
being prepared for continued
construction will require a sep-
arate execution plan and QA/
QC plan based on construction
type to follow.

The team will drain or dewater
the dredged materials using a
Geo Synthetic, Premanufac-
tured Vertical Drain (PVD).

PVD media is effectively a
perforated tough high-density
polyethylene (“HDPE") mem-
brane which is driven into the
ground vertically at a spacing
determined by soils type.

For example, sandy to granular
fill areas may be one meter
square pattern, with anchor
drains extending to the bottom
of the loose fill deposited by
dredging. This may be approx-
imately 30-40 feet of fill on

Lake islands. Installation of the
PVD membrane at the spac-
ing required will optimize the
timeline to allow subsequent
compaction and construc-

tion 9-12 months earlier than
dredged material drained using
overburden alone.

Various soil compaction meth-
odologies will be used in the
project, depending on the final
structures to be built and sub-
ject to actual conditions and
engineering studies. Compac-
tion methodologies will include
dynamic compaction utilizing
a steel impact weight weighing
15 to 25 tons. Crawler cranes
drop the impact weight from

a specific height and specified
spacing pattern. Dynamic
compaction is used to result in
competent compaction depths
from 30-40 feet deep depend-
ing on soil type.

Rapid Dynamic Compaction
("RDC") method is achieved by
using a large excavator and

a hydraulically driven, steel
weight compression foot,
providing effective soil densifi-
cation, dewatering and com-
paction to 5 meters deep. The
pattern for the RDC phase is
integrated to the dynamic com-
paction plan by impact location
tracked by GPS and recorded in
the daily machine log.

Impact rolling is achieved

by using scraper and trian-
gular impact rollers to cover
the entire surface area of the
improved construction pad.
This compaction methodolo-
gy requires increasing of the
moisture content and water
trucks are utilized to maintain
optimum moisture content.
Effective depth of this method-
ology is two meters deep.

Vibration compaction equip-
ment is used to provide final
ironing of the surface area.
Equipment used in this phase
of construction include:
Sheep'’s foot rollers, smooth
drum rollers, D-8 bulldozers,
graders and water trucks. This
phase that provides final densi-
ty and compaction suitable for
construct to follow.

The Lake Restoration Solutions
team will develop a unique
execution plan following the
soils engineering data col-
lected during dredging. The



dissemination and end usage of
this data, whether residential,
commercial, parks, or industrial,
will predicate the methodology
required for compaction type(s),

Under all execution plans, the
equipment will provide on
board monitoring / recording
devices providing a constant
record of all parameters
required by the execution and
QA/QC plans.

COMPACTION QA/QC PRO-
CESSES

Through the compaction pro-
cess, numerous methodologies
are required at staged intervals
during compaction to achieve
competent, recordable and
conclusive QA/QC test results.
Only through stringent exe-
cution of the QA/QC program
are the compaction results
provided to yield conclusive
risk mitigation and competent
soils capacity for construction
to proceed. Compaction testing
will be achieved with multiple
testing methods:

+ Dynamic compaction testing
is achieved with the use
of vibration measurement
devices, i.e. Nomis type
devices, which measures soil
heave and water responses
during dynamic compaction.

+ Other area compaction
results are achieved in large
areas by utilizing a Geomil
Cone Penetration Testing
("CPT") mounted density
analyzer which samples
individual points in the
field, given the spacing GPS
locations, and drives to each
in sequence, jacks itself up

to penetrate density testing
equipment into the filled area.

The results from the CPT
trucks are all logged and
tracked for review and filed
at the end of each shift. Any
rework and compaction den-
sity non-compliant to the QA/
QC plan for a given area are
communicated in real time to
allow remediation or alter the
DC work pattern to yield the
desired results as the moni-
toring work progresses.

Execution philosophy for
compaction and QA/QC of
soils work will be unique for
each Island development
plan to “improve for use”
quality standards.

— The deposition of initial
dredged material will be
reviewed from the initial
deposition logs to provide
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